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Editorial 
The future of science will be determined primarily by the methods and tools that can be used to 
effectively analyze the huge amounts of data generated by the common use of digital media in scholarly 
communication, conversations, work processes and social structures. These characteristics, which are 
subsumed under the term data-intensive science, change the nature of scientific work in the most 
sustainable way. And most importantly, such expressions as the fact that scientific collaboration is 
increasingly embedded in a globally connected environment and the growth rate of scientific output in 
the top ten countries is increasing exponentially and this output is expressed above all by non-traditional, 
highly dynamic, interconnected assets such as data sets, software, ontologies, slides, videos, blog entries, 
are responsible for the manifold challenges for Scientometric investigations.  COLLNET 2018 has met 
these challenges and provided an excellent opportunity to discuss the phenomena of collaboration in 
science, their impact on productivity, innovation, and benefits, and outcomes for individuals, 
institutions, and economies worldwide. 
The COLLNET Conference Series and the active COLLNET community have been playing for almost 
two decades an outstanding role in scholarly communication for improving co-work and collaboration 
among researchers and practitioners all over the world. This global interdisciplinary research network 
is to comprise the prominent scientists, who work at present in the field of quantitative science studies. 
COLLNET 2018 was also a great opportunity for both researchers and practitioners to share experiences, 
ideas, and research results on all aspects of Webometrics, Informetrics and Scientometrics and to open 
new avenues for possible research collaborations in the future. 
This Procedia includes selected papers presented at the 14th International Conference on Webometrics, 
Informetrics and Scientometrics (WIS) & 19th COLLNET Meeting, which took place during 05 to 08 
December 2018 in the University of Macau, Macau. The Conference was organized by the Department 
of Computer and Information Science, University of Macau, in collaboration with Digital Information 
Research Labs, India and the COLLNET Coordination Centre, Germany. The organizing committee and 
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Abstract 
This paper addresses gender differences in international research collaboration measured through international co-
authorship. The study is based on a dataset consisting of 5,554 Norwegian researchers and their publication output 
during a three-year period (43,641 publications). Two different indicators are calculated. First, the share of 
researchers that have been involved in international collaboration measured by co-authorship, and second, the 
share of their publications with international co-authorship. We then develop an index which takes both these 
indicators into account: The Gender Difference Collaboration Index. The study shows that there are distinct gender 
differences in international research collaboration in Norway at an overall level. However, when the data is 
analyzed by scientific field, academic position and publication productivity of the researchers, the gender 
differences are less pronounced and in some cases, women have higher collaboration rates than men. The 
differences are largest for personnel in recruitment positions and for less productive researchers.  
Introduction 
Men and women have been shown, in numerous studies, to perform differently according to 
various indicators related to the process of scientific publishing. In particular, female 
researchers on average are less productive and publish fewer publications than men. This has 
been demonstrated in numerous studies (for example, Kyvik & Teigen, 1996; Piro, Aksnes & 
Rørstad, 2013; Sugimoto et al., 2013). The pattern seems to be universal across fields and 
nations, although the differences vary. As an example, Rørstad & Aksnes (2015) showed that 
adjusted for position and age, female researchers in Norway on average publish 10 to 20 percent 
less than men. The question of whether women are less cited than men has also been analyzed 
in several studies. Here, the results are less clear, and findings vary. As an example, a previous 
Norwegian study found only small gender differences (Aksnes et al., 2011), while a global 
analysis based on articles with first and last authors showed lower citation rates for female 
authors (Larivière et al. 2013). Lagging behind in terms of scientific production and impact 
represent a major problem, as these two factors are decisive for e.g. academic promotion and in 
the evaluation of research proposals among funding agencies (European Commission, 2015). 
In this study, another dimension is analysed: gender differences in international 
collaboration. This issue has become ever more important to study, due to the steady increase 
worldwide in research collaboration in groups and networks, hence also growth in paper co-
authorships (Leydesdorff & Wagner, 20008) and in interdisciplinary research (Lee & Bozeman, 
2005). International research collaboration has been shown to be advantageous to researchers’ 
productivity and scientific impact (e.g. Abramo, D’Angelo & Di Costa, 2009; Abramo, 
D’Angelo & Solazzi 2011; Adams 2012; Kyvik & Reymert, 2017; Larivière et al., 2013. 
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Nevertheless, the knowledge on gender differences in international research collaboration is 
inconclusive (Poole & Bornholt, 1998, Larivière et al. 2011, Vabø, 2012).  
Expanding the knowledge gaps on gender gaps 
In this study, we draw upon the methodological approach of three previous studies – presented 
below – using a Norwegian dataset with additional variables missing in these studies. In this 
way, we are able to provide a better understanding of gender differences in international 
research collaboration. 
Larivière et al. (2013) used Web of Science (WoS) data from the period 2008-2012 to 
study differences in international co-authorship in 5,5 million papers with more than 27 million 
authorships. The dataset included information on the gender of the authors. Females were 
shown to be less frequently listed as first authors (roughly 2/3 of the papers had male first-
authors), and less inclined to participate in international collaborations. In sum, these factors 
contributed to lower citation rates among women. Needless to say; such a large-scale study did 
not include individual data of the authors, such as academic position. The authors state (p.213) 
that “it is likely that many of the trends we observed can be explained by the under-
representation of women among the elders of science. After all, seniority, authorship position, 
collaboration and citation are all highly interlinked variables”.   
A second study, is Abramo, D’Angelo & Murgia’s (2013) analyses of international co-
authorship among Italian professors, based on WoS publications from 2006 to 2010. In this 
study, academic discipline and institutional affiliation were taken into account, documenting 
gender differences in international collaboration across scientific fields (all hard sciences and 
economics). Interestingly, female researchers were shown to have a greater capacity to 
collaborate in all other collaboration forms being analysed, except for the international 
dimension. This study only included researchers in tenured academic positions.  
A third relevant study is Uhly, Visser and Zippel’s (2017) investigation of gender differences 
in international research collaborations in academia. This study, unlike the former two, included 
individual data on age (as well as academic discipline), but not academic position. This study 
applied a different methodological approach and was based on answers from a survey (ten 
countries analysed with 13,000 respondents in total), where the informants answered yes or no 
to the question “Do you collaborate with international colleagues?”. This makes the results 
difficult to compare with the two former studies.  As the authors state, the measurement of 
international collaborations is highly dependent on the survey respondents’ interpretations of 
the question, as contrasted by use of publication data where such bias does not exist (Melin & 
Persson, 1996). At the same time, most studies on gender differences in research collaboration 
have been conducted based on surveys (Abramo, D’Angelo & Murgia, 2013).  
The main result of Uhly and colleague’s (2017) study is that women engage less in 
international collaboration than men, and that the degree of female international collaboration 
is dependent on a complex set of individual factors (such as partner employment status and 
children). The results lead the authors to conclude that ‘glass fences’ are apparent in “in the 
access to international research collaboration, as women are significantly less likely than men 
to participate in this elite activity” (p.761).  
In our study, we aim at filling a knowledge gap in the understanding of gender differences in 
international research collaboration by comparing international paper co-authorship among 
men and women at Norwegian universities. Important dimensions of the study are:    
• The application of a database which, in contrast to WoS, has complete coverage of all
peer-reviewed scientific and scholarly publication output, including books, edited
volumes and conference series. This means that we able to provide a better coverage of
the Social Sciences and Humanities, in particular.
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• We analyse the issue at the level of fields and disciplines. The importance of comparing
by fields has been documented by e.g. Kyvik & Reymert (2017) and Abramo, D’Angelo
& Murgia’s (2013), with the latter study arguing (p. 819) that gender differences in
international cooperation “could be due to certain factors that characterize each
discipline, beginning from the percentage of women in the total research staff”.
• We take the academic position of the researchers into account. Two previous Norwegian
studies have found that older academic staff are less inclined than their younger
colleagues to participate in international research networks (Kyvik & Reymert, 2017;
Kyvik & Olsen, 2008).
In sum these factors enable us to test, first, whether there are gender differences in international 
collaboration, and, second, whether the differences vary by academic position (which is 
strongly correlated with age) and research field. In addition to this, we add a third main 
explanatory variable: scientific productivity, as we believe international collaboration may be 
more manifest among established researchers with high scientific productivity. Such a 
decomposed analysis based on these factors might add important knowledge to the 
understanding of gender differences, because while there may be gender differences at the 
overall level, or by one factor alone, it is not unlikely that the gender differences show 
covariation with other factors. Here, we try to isolate such factors in a multivariate analysis. 
Data and methods 
The study is based on the bibliographic Cristin database (The Norwegian Science Index) that 
has been developed as part of a current research information system for all public research 
institutions in Norway. The database has a complete coverage of all peer-reviewed scientific 
and scholarly publication output, including books, edited volumes and conference series (see 
Piro et al. 2013 for further details). In addition to bibliographic data on the publications, the 
database contains information on individual characteristics of the researchers (gender, age, and 
institution). The researchers were assigned to five broad domains (Social sciences, Humanities, 
Natural sciences, Technology and Medical/health sciences), based on the field distribution of 
their publication output.  
The data material consists of 5,554 researchers from the four largest universities in 
Norway (University of Oslo, University of Bergen, University of Tromsø – The Arctic 
University of Norway and The Norwegian University of Science and Technology (NTNU)). 
The study is limited to professors, associated professors, postdocs and PhD students with at 
least one publication during the time period analyzed. Their publication output during the period 
2015-2017, in total accounts for 43,641 publications (Table 1).  
Table 1: Distribution of researchers and publications by gender fields and gender 
Number of researchers Number of publications 
Major fields Men Women Total Men Women Total 
Humanities 420 363 783 2,009 1,445 3,454 
Social sciences 513 522 1,035 2,709 2,357 5,066 
Natural sciences 902 408 1,310 10,815 3,016 13,831 
Technology 662 183 845 6,545 1,572 8,117 
Medical and health sciences 747 834 1,581 7,719 5,454 13,173 
Total 3,244 2,310 5,554 29,797 13,844 43,641 
Female researchers constitute 41.6 per cent of the study population, while they only account for 
31.7 per cent of the publications. The female shares of the researchers vary greatly by field. It 
is highest in Medical and health sciences (52.8 per cent), Social sciences (50.4 per cent) and 
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Humanities (46.4 per cent); considerably lower in Natural sciences (31.1 per cent) and 
Technology (21.7 per cent). The female shares of the publication output, however, does not 
coincide be representation of researchers. Women publish less than men in all fields, while it is 
in Technology where female researchers publish most equally to men: 21.7 per cent women 
account for 19.4 per cent of the output, i.e. a publication output just 2.3 percentage points lower 
than expected based on representation of researchers. This female under-representation of the 
publications is moderate in Social sciences (3.9 percentage points) and Humanities (4.5); and 
high in Natural sciences (9.3) and Medical and health sciences (11.3).  
The analyses are carried out by fields of research, academic positions, and their 
scientific production. The latter is a factor that we find essential when studying gender 
differences in international collaboration. Without a stratification of the study population to 
different levels of scientific production, important nuances are lost. We have split the sample 
in three groups based on publication volume. The first group, is the researchers with (on 
average) less than a publication a year (31.5 per cent of the sample), the second group is the 
researchers with 1-3 publications a year on average (46.3 per cent of the sample), and the third 
group is the bulk of very productive researchers with on average of more than 3 publications 
each year (22.1 per cent of the sample).  
The unit for the analyses is the individual researchers. For each person we calculate 
whether they have published at least one publication involving international co-authorship (i.e. 
having co-authors affiliated with institutions in other countries) during the period. In other 
words, all individuals count equally as one unit in the analysis regardless of how many 
publications they have published. By this, we avoid that the analysis is biased towards highly 
productive researchers. However, such a dichotomous measure is deprived of essential 
information. Whilst it provides us the shares of men and women that are involved in 
international collaboration, we do not know anything about the degrees of internationalization 
among the individuals. For example, in two groups (100 men and 100 women), we may find 
that 54 per cent of the men have international co-authors, while 57 per cent of the women have 
international co-authors. Women here appear to be more international oriented than men.  
If, on the other hand, the measure is the percentage of international co-authored 
publications, we may find that in the female group, on average 35 per cent of the publications 
have international co-authors, while 39 per cent of the men’s publications have international 
co-authors. We now have two results that pull in different directions. We believe both measures 
are important to consider. The first is a measure of how many individuals that have international 
co-authors, while the second is a measure of how many publications that have international co-
authors. The two factors provide complementary information on gender differences in 
international collaboration. What is needed is measure that takes both factors simultaneously 
into account. We therefore suggest a simple measure combining both presence and scope of 
international collaboration, which we call the Gender Difference Collaboration Index (GDCI). 





















Where m/w is the total number of men/women in the study sample, and m int/w int is the number 
of men/women with international collaboration. Pub tot is the total number of publications and 
pubs int is the number of publications with internationally collaboration. The GDCI varies 
between -1 (complete gender difference in favor of women) to 1 (complete gender difference 
in favor of men).  
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We first present gender differences in both sets of analysis (gender differences based on 
dichotomous distribution of yes or no with regard to international collaboration, and gender 
differences based on shares of publications with international collaboration), before we present 
GDCIs for each indicator in multivariate analyses.  
Results 
Overall, 56 per cent of the female researchers were involved in international collaboration 
measured by co-authorship. The corresponding figure for men was 66 percent. Thus, our study 
shows that overall male researchers more often are involved in international collaboration than 
their female colleagues. However, as expected there are large differences across domains 
(Figure 1). International collaboration is much more frequent in the Natural sciences, Medical 
and health sciences and Technology compared with Humanities and Social sciences. This holds 
for both genders. In the Humanities less than one third of the researchers have publications 
involving international collaboration. There are gender differences in all domains. The gap is 
largest in the Social sciences where the proportion for men is 44 per cent and 36 per cent for 
women. The gap is smallest in Humanities (the difference is three percentage point).   
Figure 1. Proportion of researchers involved in international collaboration by fields and gender 
Figure 2 shows the corresponding figures using the proportions of publications involving 
international collaboration as indicator.  Gender differences are observed across the two 
different measures but now the gender differences are reduced. The most evident reduction in 
gender gaps is observed in Natural sciences, where a seven-percentage point higher share of 
men was involved in international collaboration (Figure 1), while the share of the publications 
that involve international collaboration is just two percentage points higher for men (Figure 2). 
Similar results are observed when we study academic position instead of scientific domain (not 
shown in figures). 
In Tables 2-4 we present the results split by gender, publication volume, scientific 
domain and academic position simultaneously. In Tables 2-4 we only report numbers for groups 
with more than 20 researchers. In Table 2 we report the percentage of men/women that have 
collaborated internationally (yes or no,), while we in Table 3 report the shares of publications 
with international co-authors. 
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Figure 2. Average proportion of international co-authorship per individual by fields and gender 
Table 2: Proportion of researchers involved in international collaboration by fields, academic 
position, publication productivity and gender 
Fields 1-2 publications 3-9 publications 10+ publications Total 
Positions Men Women Men Women Men Women 
Humanities 12 % 11 % 38 % 39 % 77 % 74 % 32 % 
Professors 13 % 17 % 38 % 35 % 73 % 74 % 38 % 
Associate professors 9 % 16 % 46 % 45 % 32 % 
Postdocs 27 % 
PhD students 8 % 6 % 15 % 
Social sciences 20 % 13 % 50 % 45 % 78 % 85 % 40 % 
Professors 25 % 21 % 55 % 49 % 85 % 87 % 53 % 
Associate professors 19 % 10 % 46 % 43 % 87 % 35 % 
Postdocs 54 % 45 % 
PhD students 14 % 13 % 40 % 29 % 19 % 
Natural sciences 60 % 59 % 87 % 83 % 100 % 98 % 81 % 
Professors 75 % 91 % 90 % 100 % 97 % 93 % 
Associate professors 55 % 87 % 84 % 98 % 81 % 
Postdocs 65 % 70 % 88 % 91 % 83 % 
PhD students 55 % 56 % 79 % 70 % 65 % 
Technology 38 % 27 % 60 % 62 % 95 % 90 % 65 % 
Professors 73 % 97 % 91 % 85 % 
Associate professors 21 % 60 % 93 % 64 % 
Postdocs 69 % 71 % 
PhD students 43 % 29 % 51 % 49 % 47 % 
Medical/health sci 43 % 46 % 79 % 76 % 98 % 98 % 73 % 
Professors 30 % 83 % 80 % 97 % 96 % 88 % 
Associate professors 30 % 45 % 78 % 75 % 100 % 100 % 74 % 
Postdocs 64 % 78 % 82 % 79 % 
PhD students 45 % 41 % 70 % 71 % 54 % 
Total 37 % 33 % 66 % 63 % 95 % 93 % 62 % 
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Table 3: Average proportion of international co-authorship per individual by fields, academic 
position, publication production and gender 
Fields 1-2 publications 3-9 publications 10+ publications Total 
Positions Men Women Men Women Men Women 
Humanities 8 % 8 % 13 % 13 % 24 % 26 % 12 % 
Professors 9 % 13 % 12 % 13 % 23 % 22 % 14 % 
Associate professors 6 % 10 % 17 % 15 % 13 % 
Postdocs 11 % 
PhD students 8 % 5 % 9 % 
Social sciences 15 % 10 % 20 % 17 % 25 % 27 % 17 % 
Professors 18 % 16 % 20 % 18 % 29 % 32 % 21 % 
Associate professors 16 % 8 % 21 % 16 % 25 % 16 % 
Postdocs 18 % 16 % 
PhD students 9 % 10 % 16 % 14 % 11 % 
Natural sciences 51 % 49 % 53 % 57 % 66 % 67 % 56 % 
Professors 64 % 53 % 55 % 67 % 69 % 60 % 
Associate professors 43 % 53 % 54 % 57 % 51 % 
Postdocs 58 % 62 % 56 % 65 % 61 % 
PhD students 48 % 48 % 51 % 54 % 51 % 
Technology 34 % 22 % 27 % 29 % 40 % 40 % 32 % 
Professors 33 % 41 % 43 % 38 % 
Associate professors 18 % 26 % 32 % 27 % 
Postdocs 38 % 41 % 
PhD students 39 % 25 % 21 % 24 % 27 % 
Medical/health sci 37 % 38 % 42 % 40 % 53 % 49 % 43 % 
Professors 20 % 43 % 43 % 52 % 49 % 47 % 
Associate professors 26 % 37 % 35 % 34 % 53 % 50 % 38 % 
Postdocs 53 % 48 % 45 % 50 % 
PhD students 40 % 35 % 44 % 42 % 39 % 
Total 31 % 27 % 34 % 32 % 50 % 45 % 35 % 
In both tables, there is a clear association between the publication volume and international 
collaboration. Therefore, there is also a clear tendency that the degree of internationalization 
concurs with academic position, where foremost professors have the highest shares. Comparing 
academic fields, researchers in Humanities (32 per cent) and Social Sciences (40 per cent) have 
the lowest shares of international co-publications, and Technology (65 per cent), Medical and 
health sciences (73 per cent) and Natural sciences (81 per cent) being far more international 
(Table 2). The same rank order is also found when comparing shares of publications that 
involved international co-authorship (Table 3). Here, the lowest share is found in Humanities 
(12 per cent) and the highest in Natural sciences (56 per cent).  
In most fields, and in most academic positions, shares of international collaboration are highest 
among men. There are (at the overall level, i.e. by fields not taking academic position into 
account) only three categories where women rank higher than men on both measures (Tables 2 
and 3): Researchers with 1-2 publications in Medical and health sciences, researchers with 3-9 
publications in Technology, and researchers with 10 or more publications in Social sciences. 
There are also a few categories where the two indicators show deviating patterns and one gender 
has the highest proportion on one indicator and lowest on the other. In Table 4 we therefore 
present GDCI values in all categories (with more than 20 researchers), so that we can find one 
unified expression of the gender inequality. In addition to GDCI values, we report size- adjusted 
GDCIs (summed to 100, based only on cells with n≥20, where GDCIs are adjusted for sample 
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size, i.e. the GDCIs are multiplied by the number of respondents). This enables us to identify 
in which categories the origins of the gender equality can be found, and we may decompose the 
relative contribution of each category to the total inequality. For example, a very high gender 
inequality based on a very small sample, adds very little explanation to the total inequality, 
whereas a low/modest inequality in a very large sample, may add much explanation for the total 
gender inequality.  
Table 4:  Gender Difference Collaboration Index (GDCI) across fields, academic position and 
publication production 
The first observation in Table 4, is that it is in the group of less productive researchers (1-2 
publications) that we find the highest source of gender inequality. In the two publication output 
groups that we consider the most important ones, the gender inequality is much higher among 
the most productive researchers (36 per cent of total size adjusted GDCIs) compared to the 
middle group (3-9 publications, 23 per cent). The common characteristics for most categories 
where women have higher GDCIs than men, is that the relative contribution of the females does 
not add much to the total numbers, as the GDCIs in favour of women are primarily based on 
very low samples (often in combination with low GDCIs). If we discretionary choose 5 per cent 
size adjusted GDCI as the threshold for important gender inequality, there are only two 
categories (female postdocs in Natural sciences and associate professors in Medical and health 
sciences with 1-2 publications) where women have substantial higher size adjusted international 
collaboration index than men. Among men, on the other hand, there are numerous such 
examples. The strongest contributions to men’s higher degree of international collaboration is 
found for PhD students in Technology and Medical and health sciences (1-2 publications) and 
professors in Medical and health sciences (10 or more publications).  
At a more general level, we would like to emphasise three main findings of Table 4: 
First, we find the strongest gender differences in internationalization in Medical and health 
sciences. Here, among the least productive researchers, women have more international 
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collaboration, but the pattern is opposite for researchers with 3-9 publications, and the male 
dominance becomes even more pronounced for the most productive researchers, especially 
professors (17 per cent of total GDCIs).  
Second, in the Natural sciences, the gender inequalities are almost completely opposite. 
Here, women are more international collaborative in the mid-group (3-9 publications), and at 
the level of the most productive researchers there are no gender differences at all. In both 
Humanities and the Social Sciences, women are more international than men in the most 
productive group, but the differences are so small, that they hardly contribute to the overall 
gender inequality.  
Third, much of the gender imbalance stems from researchers with just 1-2 publications, 
and especially from researchers in recruitment positions. Male PhD students contribute to 11.5 
per cent of total size adjusted GDCIs in Technology, in Medical and health sciences the 
corresponding figure is 9.6 per cent. 
Discussions and conclusions 
Our study shows that there are distinct gender differences in international research collaboration 
in Norway. However, women and men are not equally distributed. Women account for higher 
proportions of personnel with lower academic ranks and with lower publication productivity. 
In these groups, the propensities to collaborate internationally are lower for both genders. As a 
consequence, the gender differences are smaller when academic position and productivity are 
taken into account. Still, in the majority of categories where fields, academic positions and 
productivity are analysed separately, shares of international collaboration are slightly higher for 
men than for women.  
If one wants to address solutions to reduce the gender gap in international collaboration, 
it is important to take both measures of international collaboration into account (how many have 
been involved in international collaboration, and the frequency of such collaborations), and 
analyse different layers that may contribute to lower international collaboration for women. Our 
results suggest that gender differences are particularly pronounced at an early phase of the 
researchers’ careers, and less pronounced at later stages. At the level of fields, the gender gap 
is largest within Medicine and health sciences.  
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Abstract 
In recent years, the number of press releases from universities has generally increased over time. How academic 
research is reported in the media is a big concern for management at universities and for research on the diffusion 
of scientific knowledge. In this study, we investigate the current situation and analyze the relation between press 
releases and their coverage in two major national newspapers in terms of the source article’s altmetric attention 
score, citation, subject field, and collaboration network from 2011 to 2014. 
Introduction 
  To chieve accountability and as one of the strategies to secure research funds and to increase 
university enrolment, the number of universities making an effort to publish press releases to 
announce research findings has grown rapidly in recent years, and the number of press releases 
related to top-tier universities in Japan has generally increased over time (Nishizawa and Sun, 
2012). How academic research is reported in the media is a big concern for management of 
universities and for research on the diffusion of scientific knowledge. In our previous studies, 
we investigated the relation between university press releases and two major Japanese national 
newspapers from 2007 to 2012 (Nishizawa and Sun, 2014), and the relation between the 
Altmetric Attention Score (AAS) (Altmetric, 2018) of the source article in press releases and 
coverage in newspapers in 2012. It has been shown that research published in journals with 
high Eigenfactor values tend to be announced in university press releases (Nishizawa and Sun, 
2016), and the AAS of publications tends to have a positive correlation with instances of being 
featured in newspapers (Nishizawa and Sun, 2017).  
  In this study, after updating the current situation of university press releases from 2005 to 
2015, we identified each source article in press releases from 2011 to 2014 through their Digital 
Object Identifier (DOI), and investigated the relation between press releases and their coverage 
in two national newspapers, Mainichi Shimbun and Yomiuri Newspaper, in terms of their AAS 
score, citation counts, subject fields, and collaboration network. 
Data and Methods 
Press releases 
  Table 1 shows the number of press releases in the Nikkei press release (Nikkei press release, 
2018) database from 2005 to 2015 that contain the query word “大学 (university).” As reported 
in Nishizawa and Sun (2014, 2015), the number of press releases concerning universities has 
increased suddenly in recent years. 
Table 1: Number of the press releases found using the query word “university” 
 total 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Press release (UNIV) 14582 1154 1097 1216 1209 1244 1299 1429 1472 1417 1375 1670
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Newspaper 
  We drew data from the corpora of two major national newspapers (Yomiuri Shimbun and 
The Mainichi) in Japan (Nichigai Associates, Inc., 2018). The organization’s name was 
extracted from the article’s text body using the name identification database described 
previously (Nishizawa and Sun, 2016). 
Correspondence between the press releases and newspapers 
  Our method and extraction results for articles mentioned in both newspapers and press 
releases were described in Nishizawa and Sun (2014). The number of articles that corresponded 
to the press releases from 2011 to 2014 and the newspaper article are shown in Table 2. 
Altmetric Attention Score and Cited numbers in Web of Science 
  In this research, the DOIs of journal articles announced in press releases were picked out 
from the body of the press release text. When DOI information was not found in the press 
release text, the journal article’s DOI was identified based on the article title, author information, 
and journal information. We found the Altmetric application-programming interface key from 
Altmetric.com and obtained altmetric data in JavaScript Object Notation format through an 
https protocol. Altmetric.com offers many altmetric indexes, and the AAS is used in this study. 
Similarly, the number of citations for articles was extracted from the Web of Science (WoS) 
(Clarivate Analytics) using DOIs. 
  Table 2 shows the number of DOIs identified in the press releases, the number in which AAS 
was obtained and the number in which the cited number was obtained, together with the number 
of correspondences with the newspaper article. 
Table 2: Number of identified DOIs, corresponding newspaper articles, AASs, and cited 
numbers 
Results and Discussion 
Impact of corresponding newspaper articles 
Figure 1 shows the frequency distribution of Log10 (AAS) (1a): the specific DOI, (1b): the 
corresponding newspaper article, (1c): without corresponding newspaper article is also shown. 
Similarly, Figure 2 shows the frequency distribution of Log10 (cited number) (2a): the specific 
DOI, (2b): the corresponding newspaper article, (2c): without corresponding newspaper article 
is also shown. Although it is a preliminary result, both (b) corresponding newspaper articles 
show high AAS and cited numbers, respectively. Table3 shows the result of the t-test against 
with/without corresponding newspaper articles for AAS ((1b: with News), (1c: without News)), 
and cited numbers ((2b: with News), (2c: without News)) for combined data from 2011 to 2014, 
respectively. As shown by the P value of the table (t-test: 95% confidence interval, two sided), 
the difference in the mean value is significant, and the mean value is higher when there are 
newspaper articles, especially in AAS. 
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Table 3: Result of t-test against with/without corresponding newspaper articles 
Co-authorship status of the source article of Press Release 
  In the previous report, we have reported about the mean value and standard deviation of AAS 
for the co-authorship status of the article in the press release (Nishizawa and Sun, 2017). In that 
report, we examined the relation between the co-authorship status and the value of AAS only 
with data from 2012, but in this report, we extended the data from 2011 to 2014 and also 
examined the relation between AAS and cited numbers in the WoS.  
  The co-authorship status of the article announced in the press release is classified as shown 
in Table 4, and the mean values of AAS and the cited number for each category and their 
standard deviations were obtained. In the previous report, we used the correspondence author 
and the country of the author’s institution to classify the categories, but this time we used the 
RA (Reprint author) term of WoS instead of the correspondence author. As RA is one person, 
it is not classified as a category corresponding to Japan-foreign entity corresponding to the last 
code 2. The co-authorship status of the article announced in the press release is classified as 
shown in Table 4, and the mean values of AAS and the cited number in WoS for each category, 
as well as the standard deviations were obtained. 
Table 4: Affiliation of co-authorship of the journal articles 
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The results are shown in Table 5. As for AAS, there is no significance in the result of the t-test 
(95% confidence interval, two sided) for the difference between the mean value of 3 and 4 of 
the IntCollab code. However, in other results, the mean value of AAS and the cited number 
showed a significant difference when co-authored internationally. However, the corresponding 
ratio with newspapers is slightly higher in code 4 (no Japanese organization), but no big 
difference is observed. As there is a difference in not only AAS but also cited number, the 
degree of attention of international co-authors is higher than that of co-authorship only in Japan, 
with respect to the source articles of press releases, and furthermore, foreign-authored papers 
are more when it was found that attention was high. 
Table 5: Differences of AAS and cited number in WoS for the co-authorship status of the article 
in press release 
Newspaper covered rate for Journals and Journal category 
Table 6 shows the number of reports on journal titles in the source paper of the press release 
and the number of corresponding newspaper reports and their ratios for the top reported journals. 
In addition to Multidisciplinary Sciences journals, such as Nature and Science, the coverage 
rate of astronomy and geoscience magazines, such as Astrophys. J. and Nat. Geosci., and other 
biological systems such as Nature Genet., Neuron, Cell, and Curr. Biol is high. Meanwhile, the 
coverage rate is low for leading physics and chemistry journals, such as Phys. Rev. Lett. and 
Angew. Chem. - Int. 
  Table 7 shows the reported number of source papers in press releases summarized in the 
category of WoS, and the corresponding number of newspaper reports and the rate that they 
were covered. However, because the WoS has multiple field categories assigned to one journal, 
it is a duplicate count. Table 5 shows that the coverage rate in newspapers varies greatly 
depending on the field category. In addition to the interests of readers, this may be related to 
external factors such as Nobel laureate awards and earthquake disasters. Analysis of the strength 
of the correlation between these is a future task. 
Conclusion 
  We identified the DOIs of the source articles in press releases announcing research findings 
sent out by Japanese universities and investigated AAS and cited number of the articles. We 
investigated the differences between co-authorship status, corresponding rate to newspaper, 
AAS value, and the cited number on the source article of the press release.  
  As for the corresponding rate, articles by the author of overseas organizations (No Japanese 
Organization) were somewhat higher, but no big difference was observed. However, the values 
of AAS and citations tended to be significantly higher for “Japanese Organization only,” “Int. 
Nat. Collab.: Japan-based entity,” “Int. Nat. Collab.: Foreign-based entity,” and “No Japanese 
Organization.” In the source article of the press release, there was a tendency for the author of 
an overseas institution to have higher attention, but this seems to not be directly related to the 
corresponding rate in the newspaper. 
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  Those with high AAS and citations tended to be covered by newspapers, and those especially 
published in some specific journals tended to be covered by university press releases. As for 
future work, we will take into consideration external factors to analyze what kind of cause the 
press release is linked to in the newspaper publication. 
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Abstract 
Bibliometrics enables quantitative analysis of research achievements by applying mathematical methods to 
publishing behaviour whose results can be compared within certain limits. This paper uses a bibliometric analysis 
to examine the publication performance of scientists at the Technical University of Ilmenau. The publications in 
the Web of Science for the period 2012-2016 is used as the data basis. With the help of various indicators, an 
objective picture of the research activities in the above-mentioned period is attempted to be drawn. The results of 
the bibliometric analysis are used for comparisons at different levels and then presented in different rankings. All 
collected data are stored in a data base structured form so that it is available as a starting point for future 
investigations. 
Introduction 
The number of scientific publications is increasing exponentially, whereas the receptiveness of 
the individual scientists remains limited. At the same time, there is a desire to evaluate scientific 
achievements, for example to gain an overview of research, to recognize trends in advance and 
to be able to assess the efficiency of research (Tunger, 2013). 
At the beginning of the 20th century, the first bibliometric analyses were carried out, which 
made it possible to make statements about the quantity of the various publications (Nix, 2010). 
These analyses make it possible to evaluate a research achievement, among other things by 
citations and the number of already published own publications, whereby with increasing 
citation rate the supposedly most important contributions within a research area can be made 
recognizable. This in turn can be an impulse for other scientists to take a closer look at these 
publications (Tunger, 2013). 
Due to rising research costs, it is nowadays necessary to present oneself as an institution with 
strong publishing and reputation in order to a) increase one's visibility and b) effectively raise 
additional research funds (third-party funds) (Havemann, 2009). Furthermore, there are ranking 
procedures for educational institutions, such as the CWTS Leiden Ranking (CTWS, 2017) or 
the Shanghai Ranking (Shanghai, 2017), in which the world's most influential universities are 
measured by publication output, among other things.  
It is therefore becoming increasingly important to monitor the quantitative research 
performance of one's own institution at different levels of granularity (subject area, institute, 
faculty) on the basis of publication output in order to be able to assess status and 
competitiveness and to identify conclusions for potential expansion possibilities in research 
(Nix, 2010).  
Methodology and Indicators 
For a basic understanding of bibliometric analysis, a literature review according to Webster & 
Watson (2002) is carried out. This includes the collection of basic information on bibliometrics, 
the delimitation of terms and potential indicators. The following search terms are used: 
Bibliometrie, Kennzahlen, Analyse and the corresponding English terms bibliometrics, 
indicators and analysis.  
© 2019 by the authors. – Licensee Technische Universität Ilmenau, Universitätsbibliothek/ilmedia, Germany.
The search engines used are Google Scholar and SpringerLink, which search for the above-
mentioned search terms. In order to limit the text sources acquired in this way, criteria are 
selected that highlight potentially important articles. These are checked by means of backward 
and forward analysis for further publications to be examined. The following criteria were 
important in the selection process: 
 Basics / Basic knowledge of bibliometrics
 Indicators
 Evaluation of indicators / criticism
 Current status of the publication
 Normalization
In order to understand and carry out bibliometric analysis, the basics of bibliometrics are 
necessary and a selection of indicators are required, which is why the publications are examined 
with regard to them. Furthermore, the identified indicators must be checked for suitability with 
regard to the object of investigation. Advantages and disadvantages must be weighed against 
each other. In order to be able to analyse across departments, one need information about the 
normalization of the calculated indicators (see Tunger, (2013), Ball, (2006)). 
The following bibliometric indicators were used in our bibliometric analysis identified as a 
result of the literature search and finalized as a result of a discussion of the practicability of 
these indicators: 
 Publications per Faculty
 Publications per Institute
 Publications by chair
 Publications per Author
 Citation rate





 Field normalized citation rate
 Percentage of publications cited by an author
 Percentage of uncited publications by an author
 Number of publications through collaboration.
Data collection 
For the evaluation of an institution, a comprehensive set of indicators is needed to carry out the 
complex evaluation as accurately and objectively as possible. Each of these indicators requires 
a specific set of data that can be used to calculate the above-mentioned indicators. The analysis 
of the indicators showed that two distinct objects of investigation - the Author (A) and their 
publications (P) - are needed. The author includes first name, surname and the assigned subject 
areas, while the publication contains title, date, number of citations and the names of the 
authors. With the help of this data, the presented indicators can be determined almost 
completely. Table 1 shows an exact list of which indicators require which data. 
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Table 1: Data required by indicators 
Indicator Necessary data 
Publications per Faculty A, P, 
Publications per Institute A, P, 
Publications by chair A, P, 
Publications per Author A, P 
Citation rate A, P 
Average citations per author A, P 
h-index A, P 
g-index A, P 
hg index h-Index, g-Index
rational h-index A, P 
Field normalized citation rate 
A, P, average citation per 
publication per field 
Percentage of publications cited by an author A, P 
Percentage of uncited publications by an author A, P 
Number of publications through collaboration. A, P 
It must also be taken into account that departments or institutes of different faculties may have 
different communication habits that cannot be directly compared with each other and that cross-
disciplinary analyses are highly negligent without considering the different publication habits. 
It is therefore indispensable to normalise key indicators in order not to distort the overall picture. 
The average citation habits required for normalization (field normalized citation rate) are 
determined using Web of Science. The search entry is differentiated according to the respective 
years and filtered according to the total number of German contributions. These search results 
are classified into the respective scientific categories such as chemistry or mathematics. 
For the period 2012 - 2016, the search in all selected databases with the search terms for the 
address "Ilmenau" and with the wildcards "Il*me*au" to catch possible spelling errors delivered 
a total of 3138 publications. The data from the Web of Science was extracted on 04-02-2017 
using a web crawler and stored as an XML file. Figure 1 shows an example of the XML 
publication structure. 
Figure 1: XML publication sample 
Because the address details in the WoS are not stored in a standardised form and can differ from 
publication to publication, for example it is possible that one document contains the complete 
details of subject areas, institute and faculty, while others contain only the reference to the 
"Technische Universität Ilmenau", it was necessary to check each of the publications and to 
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precisely allocate them to the institutional units of TU Ilmenau. This mapping was achieved 
with a multi-stage procedure, the first source being the website of the departments of the 
individual institutes and faculties, in order to identify the current employees of the departments. 
In addition, existing electronic telephone directories for the years 2012 - 2016 were used to 
identify the employees for this period. As there were still a number of authors who could not 
be clearly assigned, an attempt was made to identify them with their institutional description 
using further scientific databases (SpringerLink...). All in all, 2907 publications (99.35%) with 
a specific assignment of author, publication and institution could be made available for analysis. 
Data processing and analysis 
The data for bibliometric analysis is mapped and stored in a relational database system to ensure 
sustainability. The powerful query and report functions simplify the evaluation of the data. The 
Access 2016 database consists of the two main elements author and publication. The university 
table refers to institutional elements such as faculties, institutes and departments. The semantics 
of the manifold m:n relationships (e.g. such that a department belongs to several institutes, 
while an institute can consist of several departments, staff-department, staff-publication) leads 
to a series of further intermediate tables, so that the final database consists of a total of 21 tables, 
twelve tables containing all the necessary data to store the publications and the authors. The 
other tables serve to store the calculated indicators. 
Results 
This section presents and compares distinct results of the respective indicators for the 
bibliometric analysis of the publication behaviour of the TU Ilmenau. 
The publications are analysed on four levels of aggregation. First, the faculties as a whole are 
examined and the associated publications are summed up. The same is done with the institutes, 
the departments and the authors. Figure 2 illustrates the overall publishing rate for each faculty 
Figure 2: Publishing rate per faculty 
Table 2 illustrates the top ten institute according to the publishing rate. As can be seen and as 
was to be expected for a Technical University, the publication landscape is dominated by the 
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Table 2: Top ten institutes (publishing rate) 
 Institute total 
1 Institute for Information Technology 460 
2 Institute for Physics 353 
3 Institute for Computer and Systems Engineering 221 
4 Institute for Microelectronics and Nanoelectronics 173 
5 Institute for Chemistry and Biotechnology 170 
6 Institute for Biomedical Engineering and Informatics 161 
7 (Inter-departmental) Institute of Materials Science and Engineering 142 
8 Institute for Thermodynamics and Fluid Mechanics 140 
9 Institute for Theoretical Computer Science 135 
10 Institute for Mathematics 130 
The Technical University of Ilmenau lists 138 departments assigned to the respective institutes. 
There are five departments, which have published more than 100 publications during the whole 
period of the study. 
Table 3: Top departments with more than 100 publications 
 Departement total 
1 Electronic Measurement Engineering Group 154 
2 Biomedical Engineering Group 146 
3 Communications Research Laboratory 120 
4 Group for Complexity Theory and Efficient Algorithms 116 
5 Chemistry Group 107 
A total of 2907 publications were published by 1314 authors. Table 4 lists the top five authors 
with the highest number of publications. 
Table 4: Top five scientists (publishing rate) 
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Table 5 shows a list of the top 5 cited papers from different academic fields. 
Table 5: Top five cited papers 
 Paper Total citation 
1 Controllable Disorder Engineering in Oxygen-Incorporated MoS2 
Ultrathin Nanosheets for Efficient Hydrogen Evolution 
427 
2 Vacancy Associates Promoting Solar-Driven Photocatalytic Activity 
of Ultrathin Bismuth Oxychloride Nanosheets 
255 
3 Binary copper oxide semiconductors: From materials towards 
devices 
144 
4 Graphene Transistors: Status, Prospects, and Problems 136 
5 First-principles investigation of the size-dependent structural 
stability and electronic properties of O-vacancies at the ZnO polar 
and non-polar surfaces 
120 
Proceedings of 14th International Conference on Webometrics, Informetrics and Scientometrics & 19th COLLNET Meeting 2018 
>> Collaboration - Impact on Productivity  and Innovation <<
- 25 -
In order to make the results from different scientific fields comparable with each other, the 
absolute values of the publications were normalized with the field-normalized citation rates, in 
keeping with the field-dependent publication habits and thus enabling an objective comparison. 
A result greater than 1 therefore means an above-average value for citation per publication in 
Germany. The citation habit for the Institute of Physics for 2013 is 13.68. The publication of 
the Three-Dimensional Nanostructuring Group of the Institute of Physics:“Controllable 
Disorder Engineering in Oxygen-Incorporated MoS2 Ultrathin Nanosheets for Efficient 
Hydrogen Evolution” thus received more than 31 times the average citation. Using this 
standardization approach, it was possible to compare indicators based on the publication output 
like h-index, g-index or hg-index of scientists throughout the university of different research 
areas like Chemistry, Mathematics or Economics. 
At this point, we do not present in detail the results of the other publication-related indicators 
in preference to two indicators that can also be interpreted as qualitative. The ratio of cited 
publications to the total number of publications can be seen as a quality criterion for scientific 
output if we assume a certain basic quantity of publications. Of 1314 authors, 882 have at least 
one citation for a publication they have produced. A total of 431 scientists who have published 
between one and 13 publications are not cited. 219 authors have published a publication that 
has also been cited. 87 authors have published a publication that has been cited, as well as a 
publication that has not been cited. In the case of 85 scientists, exactly one cited publication is 
compared with 2 to 52 publications that were not cited. It is interesting to compare authors who 
have published more than 50 publications. The citations are put in relation to the total number 
of publications. Figure 19 shows this ratio for authors with a number of publications > 50.  
Table 6: Scientists with the highest ratio of cited papers with more than 50 publications 
 Scientist cited uncited ratio (%) 
1 51 9 85 
2 62 11 85 
3 46 10 82 
4 52 12 81 
5 61 19 76 
6 
H  H
Y   L
M  K
P   S
U   R
A   B 38 15 72 
Further interesting conclusions about the way of scientific work can be made by analysing the 
collaboration behaviour of authors. For this purpose, the number of publications that were 
created in co- or multiple authorship was measured. The number of publications created through 
collaboration is intended to show how often employees of the TU Ilmenau cooperate. No 
difference is made here between cross-university and intra-university publications. 
Table 7: Top five scientists in multiauthorship 
 Scientist Total 
1  M  H 105 
2  R    T 97 
3  U    R 80 
4  H    H 60 
5  F     R 57 
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We have further investigated these collaboration networks in further examinations. Figure 3 
shows the result of a visualization of the collaboration network with VOSViewer1. 
Figure 3: Co-Authorship Network of TU Ilmenau 2012 – 2016 (threshold 10) 
Obstacles 
The correctness of the underlying data material is a requirement for high-quality bibliometric 
analysis. In our specific example we had to deal with a number of error sources typical for such 
bibliometric investigations. 
Accuracy of the data 
 The data required for the bibliometric analysis were not always available in correct
form. The author names were neither available on the website of the Technical
University of Ilmenau, nor on the Web of Science, where they were one hundred percent
error-free. Since each department maintains its own employee list online, there was no
standardized form of representation and an automated extraction of the names was
therefore not possible (use of different separators in the name separation). Especially
with foreign names, there were often uncertainties as to which parts belong to the first
name and which to the last name. As long as not all authors are registered in standardized
repositories (ORCID, Researcher-ID or Scopus Author ID or similar), the solution can
only consist of time-consuming manual post-processing. In our case, the author data
filtered out of the website were compared with those of the telephone lists. If a person
from the telephone lists did not exist with a complete first and last name in the employee
list, the system searched for the last name and the first letter of the first name. If a hit
was found, we manually checked whether this corresponded to the correct person.
Similar problems with the assignment of names occurred in the Web of Science.
1 The detailed outline of the results of the data science analysis of the available data sets will be the content of 
another publication in the pipeline. 
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Incorrectly written names were checked manually. For this purpose, a list was 
programmed to save these exceptions and then transferred it to the Access database.  
 An essential requirement for the correct automated extraction of data from the Web of
Science, was the correct pre-structuring with appropriate separators (bsw. comma
between first and last name). If such a separator does not exist, the corresponding
attribute in the raw XML file remains empty and the assignment must be completed
manually. Especially often such a manual check was necessary for names from other
cultures.
 For a number of publications, the authors contained references to institutional units that
could not be assigned to them. In order to be able to guarantee the affiliation, all
Ilmenau-related authors of a publication were first collected. The authors were then
compared with the existing staff database (consisting of the data from the TU Ilmenau
website and the telephone lists for the years 2012 to 2016). If there was an entry with a
complete first and last name, the search was based on the number of departments. If this
search yielded only one result, it was assigned to the employee. Otherwise, this data was
collected and later assigned manually. A tool was programmed to select the right authors
and subject areas.
Duplicate entries 
 When collecting the data, it was found that publications (either as e-books or as articles
available elsewhere) were published twice in the Web of Science. In order to filter these
out, identical publications were searched for and the publication date as well as the
names of the authors were checked. If they matched, all identical publications were
combined into one. In concrete terms, this means that one publication was removed from
the database and the citations were grouped.
Missing data 
 Some addresses were not available in the publications, and therefore had to be added,
i.e. also that no references were available. In order to correct this, the employee list was
searched for hits and the author names were additionally checked by an additional
Google search to ensure assignment. The author names were examined with the help of
third-party sources (such as SpringerLink and Google Scholar) in which the reference
to the corresponding addresses was available and an assignment of the institutional
affiliation ("affiliation") could be carried out.
Summary and Future Work 
With the help of a bibliometric analysis, a cross-disciplinary comparison of the publication 
performance of the TU Ilmenau was carried out. The available results allow the publication 
output of the past five years to be analysed and the strengths and weaknesses of scientists and 
their corresponding organisational units to be uncovered. There are considerable differences in 
publication behaviour between the different university tiers. A number of factors that have 
contributed to these results are relevant for the present results. The size of the departments and 
institutes can be an advantage over the smaller sized units and can have a direct influence on 
the position in the respective ranking, since the number of actively publishing employees can 
correlate with the amount of publication output within a period. By means of normalization, the 
indicators of specific groups were made comparable despite different citation habits. In this 
paper, a series of indicators were used to describe the research landscape at TU Ilmenau as 
objectively as possible. The Data acquisition was one of the most complex parts of the work. A 
number of programs were developed to convert the raw data into a usable form suitable for 
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bibliometric analysis. In order to provide consistent and correct data for the analysis, the data 
was manually checked in several stages (after each processing step) in order to minimize 
potential sources of error. For the future, further use of the data, they were stored in a structured 
form in a database.  
This database can be used as a basis for further investigations. It can serve as a basis to re-
examine publication behaviour at regular intervals, to draw comparisons and to work out trends 
and tendencies. It was also used for the work currently being completed on more content-
oriented analyses, which have a more Data Science-specific character, to answer such research 
questions like: If there are changes in research areas, are there overlapping research areas that 
offer the potential for new opportunities for scientific cooperation, or how detailed the research 
landscape of a university can be analysed by including more content specific elements like 
keywords and abstracts. 
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Abstract 
There is a significant relationship between the development of countries and their investment on research and 
development (R&D). Often, investments on science is seen as a resource of national prestige in countries. An 
outstanding part of spending go to the universities as part of science policy utilization. For that, most of 
investigations on return of investments (ROI) on science focus on universities as the main authorities of scientific 
endeavor. The main issue is that, calculating ROI of R&D is not as simple as the industry of service sectors. In 
industry and service input and output of the process is clearly calculable. For example a manger in industry sector 
is able to calculate the cost of product and services. But in science it is not simple to calculate the cost of products 
because of variety and complexity of resources allocated for its production. A paper as an output of a scientific 
endeavor easily is not calculable in terms of financial formula. Sometimes a scientific finding save the life of 
millions of people and provide society with bunch of opportunities and guide the communities towards prosperous 
life. These are not simply calculable in term of ROI investigations. Most of scientometrics studies focuses on the 
determined document based outputs of the R&D systems. Since financial inputs play crucial role in progress of 
R&D systems, taking them in account when calculating the efficacy of this system will provide us with clearer 
image of R&D performance. This research aimed to focus more on financial aspects of R&D performance in 
universities forward utilizing some sort of knowledge economy framework. For that, we strive to formulate the 
expenditure has been carried out in various levels of a university which results in a unit of scientific paper, highly 
cited paper, fruitful actors, and etc. we have focused on the Tarbiat Modares University (TMU) a fully accredited 
state university for graduate studies with more than 7000 students and almost 1000 faculty members.  TMU always 
ranks between top 3 Iranian universities. 
Keywords: Return of Investment, Framework, Scientometrics 
Introduction 
Most of scientometrics studies focuses on the determined document based outputs of the R&D 
systems. Since financial inputs play crucial role in progress of R&D systems, taking them in 
account when calculating the efficacy of this system will provide us with clearer image of R&D 
performance. This research aimed to focus more on financial aspects of R&D performance in 
universities forward utilizing some sort of knowledge economy framework (Hassanzadeh, 
Akhgar and Navidi, 2014). For that, we strive to formulate the expenditure has been carried 
out in various levels of a university which results in a unit of scientific paper, highly cited 
paper, fruitful actors, and etc. 
Return on Investment (ROI) is defined as the ratio of gains from investment and is used 
normally as an index to measure the performance and evaluate the efficiency of an investment 
on some project or initiative or compare the efficiency of a number of different investments. 
© 2019 by the authors. – Licensee Technische Universität Ilmenau, Universitätsbibliothek/ilmedia, Germany.
ROI was formulated to measure the amount of return on a particular investment, against the 
investment’s cost. Return on investment is divided by the investment costs. The result is 
expressed as a percentage or ratio. The classic formula is as following: 
ROI = 
(𝐆𝐚𝐢𝐧 𝐟𝐫𝐨𝐦 𝐈𝐧𝐯𝐞𝐬𝐭𝐦𝐞𝐧𝐭 − 𝐂𝐨𝐬𝐭 𝐨𝐟 𝐈𝐧𝐯𝐞𝐬𝐭𝐦𝐞𝐧𝐭) 
𝐂𝐨𝐬𝐭 𝐨𝐟 𝐈𝐧𝐯𝐞𝐬𝐭𝐦𝐞𝐧𝐭 
× 100
In the formula, "Gain from Investment” refers to the proceeds obtained from the sale of the 
investment of interest. Because ROI is measured as a percentage, it can be easily compared 
with returns from other investments, allowing one to measure a variety of types of investments 
against one another (Investopedia: ROI, 2018).  
ROI can be used in conjunction with Rate of Return, which takes in account a project’s time 
frame. One may also use Net Present Value (NPV), which accounts for differences in the value 
of money over time, due to inflation. The application of NPV when calculating rate of return 
is often called the Real Rate of Return. 
Social return on investment 
Traditional ROI formula was criticized because of its deficient in calculating the real return 
and benefits of the investments. Some investors and businesses have taken an interest in the 
development of a new form of the ROI metric, called "Social Return on Investment," or SROI 
which intended to cover social and environmental metrics that currently do not reflected in 
conventional financial accounts. It was initially developed in the early 2000s and takes into 
account broader impacts of projects using extra-financial value. Social return normally 
generalizes the return measures to social context and helps understand the value proposition of 
certain ESG (Environmental Social & Governance) criteria used in socially responsible 
investing (SRI) practices. Undertakings for sustainability in terms of expenditures on 
infrastructures to reduce energy consumptions and other types of investments which may not 
be returned completely but have an immediate cost which may negatively impact traditional 
ROI - however, the net benefit to society and the environment could lead to a positive SROI. 
(Investopedia: ROI, 2018).  
Social media has imposed a big change to social relationships and social network as an 
emerging concept deals with centrality and betweenness of actors in a network. In a social 
network people interact with each other by seeing and liking or mentioning posts and updates. 
These are new flavors of ROI that have been developed for particular purposes but are not 
accounted in terms of traditional formula. Similarly, marketing statistics ROI tries to identify 
the return attributable to advertising or marketing campaigns. So-called learning ROI relates to 
amount of information learned and retained as return on education or skills training. As the 
world progresses and the economy changes, several other niche forms of ROI are sure to be 
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developed in the future (Investopedia: ROI, 2018). We can add other ROI indexes such as 
gained expertise, best practices, shared knowledge and savings because of repeated 
experiences.  
Social return on investment (SROI) is a collection of techniques for measuring values that are 
not traditionally reflected in financial statements. These values may include social and 
environmental factors. They have been set to determine how effectively an enterprise leverage 
its capital and other resources to create value for the community beyond the organizational 
borders. While a traditional cost-benefit analysis is used to compare different investments or 
projects, SROI is used more to evaluate the general progress of certain developments, showing 
both the financial and social impact the corporation can have (Investopedia: SROI, 2018). 
SROI is useful to corporations because it can improve program management through better 
planning and evaluation. It can also increase the corporation’s understanding of its effect on 
the community and allow better communication regarding the value of the corporation’s work 
(both internally and to external stakeholders). Philanthropists, venture 
capitalists, foundations and other non-profits may use SROI to monetize their social impact, in 
financial terms. 
A general formula used to calculate SROI is as following: 
SROI = 
(𝐬𝐨𝐜𝐢𝐚𝐥 𝐢𝐦𝐩𝐚𝐜𝐭 𝐯𝐚𝐥𝐮𝐞 – 𝐢𝐧𝐢𝐭𝐢𝐚𝐥 𝐢𝐧𝐯𝐞𝐬𝐭𝐦𝐞𝐧𝐭 𝐚𝐦𝐨𝐮𝐧𝐭) 
𝐢𝐧𝐢𝐭𝐢𝐚𝐥 𝐢𝐧𝐯𝐞𝐬𝐭𝐦𝐞𝐧𝐭 𝐚𝐦𝐨𝐮𝐧𝐭 
× 100
Assigning a money value to the social impact can present problems, and various methodologies 
have been developed to help quantify the results. The Analytical Hierarchy Process (AHP), for 
example, is one method that converts and organizes qualitative information into quantitative 
values. 
While the approach varies depending on the program that is being evaluated, there are four 
main elements that are needed to measure SROI: 
• Inputs, or resources investments in your activity (such as the costs of running, say, a
job-readiness program)
• Outputs, or the direct and tangible products from the activity (for example, the
number of people trained by the program)
• Outcomes, or the changes to people resulting from the activity (i.e., new jobs,
better income, improved quality of life for the individuals; increased taxes for, and
reduced support from, the government)
• Impact, or the outcome less an estimate of what would have happened anyway
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Research and development and ROI 
Despite other businesses, research and development is a process which results in a particular 
product or service. Output of a research initiative may be translated into an innovative process 
or improvement in a social service. Sometimes a research project terminate without a tangible 
achievement but leaves outstanding experiences for new projects. These kind of gains always 
is ignored in ROI calculations. In addition to experiences, some other gains also is achieved 
through research and development which are important but do not counted in ROI formula. A 
new formula will be as following.  
R&DROI = 
(𝐆𝐚𝐢𝐧 𝐟𝐫𝐨𝐦 𝐈𝐧𝐯𝐞𝐬𝐭𝐦𝐞𝐧𝐭+𝐒𝐨𝐜𝐥𝐢𝐚𝐥 𝐈𝐦𝐩𝐚𝐜𝐭 𝐕𝐚𝐥𝐮𝐞+𝐍𝐚𝐭𝐢𝐨𝐧𝐚𝐥 𝐏𝐫𝐞𝐬𝐭𝐢𝐠𝐞+𝐏𝐞𝐫𝐩𝐞𝐭𝐮𝐚𝐭𝐞𝐝 𝐠𝐚𝐢𝐧𝐬) − 𝐂𝐨𝐬𝐭 𝐨𝐟 𝐈𝐧𝐯𝐞𝐬𝐭𝐦𝐞𝐧𝐭) 
𝐂𝐨𝐬𝐭 𝐨𝐟 𝐈𝐧𝐯𝐞𝐬𝐭𝐦𝐞𝐧𝐭 
×
100
The R&D returns not only include direct returns on investments but covers social impacts of 
the investment and organizational and national prestige which influencing the gains from the 
investment. Companies with higher expenditure on research and innovation, get more 
attentions and supports from customers because of the potential impact of R&D on quality 
measures. In other hand, governments indicating their likelihood to sustainable development 
and science advancement by increasing R&D budgets and briefing it as a measure to increase 
their popularity among voters and taxpayers.  
Research design 
Besides depicting descriptive representation of background data for TMU, this research mainly 
was carried out using scientometrics techniques to analyze scientific performance of the 
university in terms of papers published in international peer review journal, citation to 
documents, citation and self-citation per paper, national and international collaboration rate 
and so forth. In addition we have done co-authorship analysis to depict individual and collective 
performance of faculty members. The data was extracted from Thomson Reuter’s Web of 
Science (WoS) database. In the second phase, we have analyzed the expenditures of the 
university on R&D to calculate the cost of each scientific achievement in terms of outputs and 
outcomes. Applications like Bibexcel, Notepad+, SPSS and other bibliometrics analysis kits 
have been performed. Finally, we approached to propose an ROI model of R&D expenditures 
in the university.  
Findings 
Tarbiat Modares University as a higher education institute which provides only postgraduate 
studies, is the second ranked university among Iranian universities. Research policies in the 
university tended to focus on quality research and publishing in world class impacting journals. 
Findings indicated that, researchers affiliated with TMU, have been published 12394 
documents in the sources indexed in WoS from the beginning of the university up to 2015. In 
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general, among the 11 types of documents, journal papers includes almost 84 percent of 
publications. Besides the publications in national journals which almost all are in Persian and 
are counted in a separate citation database1, more than 99 percent of documents have been 
published in English.  
The first document published was in 1994 near to 4 years after the establishment of the 
university. The main increase in publishing starts from year 2000 and 2015 witnesses the most 
publications by TMU researchers. Publications by researchers affiliated with the university 
have been increased from 107 in 2000 to 2500 in 2016. This indicates more than 20 fold growth 
in terms of tangible research out puts.  
Figure 1. increase in scientific production by Tarbiat Modares University (Clarivate 
Analytics, 2015) 
Expenditure in research affairs as an index of input measures shows an increase in terms of 
1000 dollar per paper. This means that, from year 2000 to 2016 expenditure per paper has been 
increased and this may interpreted as decrease in researchers' productivity and based on such a 
conclusion, university research policy makers, may be advised to decrease expenditure on 
research infrastructures.  
1 Iran recently has been established a citaion analysis system under title ISC which stands for Islamic countries 
Science Citation in southern city Shiraz. This organization in collaboration with journal publishers in islamic 
countries and in accordance with Organization of Islamic Coperation (OIC) bodies strives to analyze the R&D 
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Figure 2. Mean expenditure per paper in Tarbiat Modares University (Saber and 
Hassanzadeh, 2016) 
But based on new R&DROI formula we should consider the social impact and organizational 
and national prestige of the publications. Each publication in a prestigious journal, creates an 
opportunity to promote the university. Beyond that, findings of research which is reflected in 
scientific social networks may be used to solve several problems worldwide. Social impact and 
prestige as an element of return in research expenditures persuade policy makers in 
organizational and national levels to endure their support of research affairs.  
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Expenditure on research tremendously varies from bachelor to PhD degrees. While in bachelor 
degrees only 6 to 8.5 percent of expenditures goes to research affairs, this rate hikes to more 
than 45 percent in PhD degrees. The increase in investment on research in higher degrees has 
its roots in the tendency of these courses to focus on research and scientific out puts. Students 
entering in post-graduate studies mainly approaching towards a research initiatives. The more 
university authorities engaging in research impact, the more return on investment is realized. 
Emphasizing on research impact will increase the return rate as well.  
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Figure 5. Total expenditures by degrees (1000$) 
Expenditure on education including research and development increases moving from bachelor 
to PhD degree. Share of research from total expenditures increase in higher degrees. 
Tremendous increase in expenditures on research and development initiatives in universities 
only can be justified by entering the new components to the formula as explained in the 
previous section. By including organizational, national prestige and contribution to the global 
knowledge which in turn contributes to the global sustainability we will be able to calculate 
return of investments on research and development. Quantifying all factors which deserve to 
be included in the formula will result in a comprehensive ROI model.  
Concluding remarks 
R&D expenditures also shows the same journey as the publications. R&D expenditure well 
predict the scientific outputs but the main problem is that, financial investment in universities 
comes from various sources with various objectives. While government and social service 
sector expenditure on R&D targets national prestige and public responsibility on science, 
industry investment more intended to develop a prototype or a process kit. Formulating these 
heterogeneous elements in a framework will be the outstanding contribution to the 
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A new model of ROI for research and development will include following components: 
A. Investments
1. Research personnel salary








4. Knowledge and learning
5. Savings in future projects
6. Skills and competencies
Since some of the mentioned components are qualitative they need to be qualified, consolidated 
and formulated towards a comprehensive model.  
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6SHFLDOW\ ZLWK ERWK PHGLFDO DQG VXUJLFDO DVSHFWV 5DQGRP  ,Q SUDFWLFH GHUPDWRORJ\
LQFOXGHVDOODVSHFWVRIGLVHDVHVERWKLQWHUQDODQGH[WHUQDOIDFWRUVZKLFKDIIHFWWKHVNLQDQGLWV
FRQWHQWVVXFKDVKDLUQDLOVVZHDWJODQGVDVZHOODVRUDOPXFXVPHPEUDQHDQGH[WHUQDOJHQLWDO
PHPEUDQH6H[XDOO\ WUDQVPLWWHGGLVHDVHVDUHDOVRFDWHJRUL]HG LQGHUPDWRORJ\ VSKHUH %XUQVHW
DO  7KHUH DUH DV PDQ\ DV  GLVRUGHUV LQ GHUPDWRORJ\ DUHD 6XFK D ODUJH QXPEHU
LQFOXGHV QXPHURXV JURXSVZLWK D KXJH YDULHW\ LQ WHUPV RI HWLRORJ\ IURPJHQHWLF GLVRUGHUV WR
LQIHFWLRXV GLVHDVHV FDXVHG E\ HQYLURQPHQWDO IDFWRUV PXOWLIDFWRULDO GLVRUGHUV WRJHWKHU ZLWK D
ODUJHQXPEHURI LGLRSDWKLFGLVHDVHV,I WKHRXWEUHDNDQGFRQVHTXHQFHVFDXVHGE\VXFKGLVHDVHV
DUH WDNHQ LQWRDFFRXQWGLIIHUHQWLDWLRQDQGVSHFWUXPVSUHDGRI VXFKD ODUJH QXPEHURIGLVHDVHV
ZLOOHYHQLQFUHDVH%LFNHUVHWDO.KDWDPLDQG=DUWDE
%DVHGRQVRPHVWDWLVWLFV DW HYHU\SHULRGRI WLPHRQHIRXUWK WRRQHWKLUGRISHRSOH VXIIHUVDW
OHDVWRQHVLQJOH VNLQGLVHDVH%XUQVHWDO+RZHYHUPRUHUHFHQWVWXGLHVUHYHDO WKDW WKH
RXWEUHDNRIVNLQGLVHDVHVDUHIDUPRUHERWKLQGHYHORSHGDQGGHYHORSLQJFRXQWULHV:RONVWHLQHW
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VLPSOH[ JHQLWDO ZDUWV DQG HQYLURQPHQWDO GLVHDVHV VXFK DV VNLQ GDPDJHV FDXVHG E\ VXQ
H[SRVXUHPDOLJQDQWPHODQRPDDQG QRQPHODQRPD VNLQFDQFHU%LFNHUV HWDO LQD QHZVWXG\








)LJXHURDDQGHWDO LPSOHPHQWHGD VXUYH\VWXG\ DLPHGDW VWXG\LQJGHUPDWRORJLFDOFRPPXQLW\
EDVHGQHHGV LQDUXUDOFRPPXQLW\VRXWKZHVWRI(WKLRSLD7KH\FDPHWRWKHFRQFOXVLRQWKDW WKH
PRVWFRPPRQVNLQGLVHDVHVZHUHFRQWDPLQDWLRQVFDXVHGE\SDUDVLWHVVXFKDVVFDELHVSpGLFXORVH
DQG RQFKRFHUFLDVLV  IROORZHG E\ EDFWHULDO DQG IXQJDO LQIHFWLRQV  )LJXHURD HW DO
$FURVVWKHJOREHWKHUHDUHQXPHURXVFRPPRQGHUPDWRVLVOLNHDFQHDQGSVRULDVLV$OPRVW
DOOGHUPDWRORJLFGLVHDVHV KDYHRQHFRPPRQ FKDUDFWHULVWLF WKH\DUH YLVLEOH6XFKSURSHUW\FDQ
RIWHQFDXVHDEXUGHQIRUSDWLHQWV7KHGLVHDVHLWVHOILVERWKHULQJLQWHQVHLWFKLQJIRULQVWDQFHDQG





Ͳ 6NLQ GLVHDVHV KDYH VHULRXV LPSDFWV RQ OLIH 7KH\ FDQ FDXVH SK\VLFDO GDPDJH
HPEDUUDVVPHQWDQGVRFLDODQGRFFXSDWLRQDOUHVWULFWLRQV&KURQLFVNLQGLVHDVHVPD\FDXVH





QXPEHU RI SDSHUV $ VFLHQWRPHWULFV PHWKRG LV RQH WKDW PHDVXUHV DQG DQDO\]HV VFLHQWLILF 
SXEOLFDWLRQVUHODWHGWRDVSHFLILFWRSLFUHJDUGLQJWKHWUHQGVLQFLWDWLRQVPRVWLPSRUWDQWFRQWHQW 
DXWKRUV DQG MRXUQDOV $ ZLGHVSUHDG XVH RI VFLHQWRPHWULF PHWKRG JRHV EDFN WR V ZKHQ 
(XJHQH*DUILHOGILQDOL]HGWKHFRQVWUXFWLRQRI6FLHQFH*DUILHOG7KLVPHWKRGLVXVHIXOIRU 
DVVHVVLQJ WKH VFLHQWLILF DGYDQFHPHQWV DQG PRWLYDWLRQV RI UHVHDUFKHUV DQG GHWHUPLQLQJ FXUUHQW 
UHVHDUFK GLUHFWLRQV LQ D VSHFLILF ILHOG VXFK GDWD ZRXOG EH H[WUHPHO\ XVHIXO IRU JXLGLQJ 
VXEVHTXHQWUHVHDUFKGHVLJQVDVLWZLOOSUHGLFWKRZWKLVILHOGZRXOGPRYHIRUZDUG+HQGUL[ 
+HQGUL[  7KH DLP RI WKLV VWXG\ ZDV WR SHUIRUP D VFLHQWRPHWULF DQDO\VLV RI DUWLFOHV RQ 
GHUPDWRORJ\E\,UDQLDQUHVHDUFKHUV IURPWRZLWKWKHKHOSRIELEOLRPHWULF LQGLFDWRUV 
XVLQJWKH,QVWLWXWHIRU6FLHQWLILF,QIRUPDWLRQ,6,:HERI6FLHQFH
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6SHFLILF SDUDPHWHUV VXFK DV WKH SXEOLFDWLRQ \HDU DUWLFOHV¶ ODQJXDJH VXEMHFW GLVWULEXWLRQ ILUVW
DXWKRU PDLQ MRXUQDOV LQ WKLV ILHOG FLWDWLRQV RI WKH SDSHU E\ RWKHU SDSHUV DQG LQVWLWXWLRQDO
DIILOLDWLRQVZHUHUHWULHYHG IURPWKH,6,DQGDQDO\]HGZLWKWKHDQDO\]H IXQFWLRQSURYLGHGE\WKH
,6, GDWDEDVH (DFK MRXUQDO¶V LPSDFW IDFWRU ZDV UHWULHYHG IURP WKH -RXUQDO &LWDWLRQ 5HSRUWV
DYDLODEOH DW KWWSVFLHQWLILFWKRPVRQFRPSURGXFWVMFU $OO VWDWLVWLFDO DQDO\VHV ZHUH SHUIRUPHG





7KHUHZHUH D WRWDO RI  UHVHDUFK DUWLFOHV RQ GHUPDWRORJ\ LQ WKH ,6,:HE RI 6FLHQFH GXULQJ
7KHVHSDSHUVZHUHGUDIWHGE\DXWKRUVFRXQWULHVLQVWLWXWLRQVDQGZHUH
SXEOLVKHGLQMRXUQDOVLQODQJXDJHV,Q)LJWLPHWUHQGRIWKHQXPEHURIDUWLFOHVLVVKRZQ
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,WZDVFLWHGWLPHVDV LWZDVDIWHU\HDUV WKDWWKH ILUVWSXEOLVKHG LQGHUPDWRORJ\ LQ
ZKLFKYDVWO\H[FHHGVWKHFLWDWLRQRIRWKHUDUWLFOHVRQGHUPDWRORJ\

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&RPSDULVRQ %HWZHHQ 7KH (IILFDF\
2I 3KRWRG\QDPLF 7KHUDS\ $QG





















































Proceedings of 14th International Conference on Webometrics, Informetrics and Scientometrics & 19th COLLNET Meeting 2018 

















7KHUH ZHUH  NH\ZRUGV XVHG IRU WKH GHUPDWRORJ\ UHVHDUFK ILHOG $PRQJ WKHVH RQO\ 
NH\ZRUGVDSSHDUHGPRUHWKDQWHQWLPHV7KH7RSKLJKIUHTXHQF\NH\ZRUGVZHUHVHOHFWHG
,Q WKH IROORZLQJ WKH PDS EHWZHHQ WKHVH NH\ZRUGV KDV EHHQ FRQVLGHUHG 7KHVH DUH VHYHUDO
LQGLFDWRUV IRU FRZRUG DQDO\VLV WKDW FDQ EH XVHG LQ VFLHQWLILF PDSV  $FFRUGLQJ WR )UHHPDQ
PHDVXUHVRIFHQWUDOLW\DUHWKUHHFDWHJRULHVFORVHQHVVGHJUHHDQGEHWZHHQHVV)UHHPDQ
)LJXUH  VKRZV FRZRUG QHWZRUN$FFRUGLQJ WR%HWZHHQHVV&HQWUDOLW\%HWZHHQQHVV FHQWUDOLW\
LGHQWLILHVDQHQWLW\
VSRVLWLRQZLWKLQDQHWZRUNLQWHUPVRILWVDELOLW\WRPDNHFRQQHFWLRQVWRRWKHU
SDLUV RU JURXSV LQ D QHWZRUN8Q HQWLW\ZLWK D KLJK EHWZHHQQHVV FHQWUDOLW\ JHQHUDOO\+ROGV D







Proceedings of 14th International Conference on Webometrics, Informetrics and Scientometrics & 19th COLLNET Meeting 2018 








,Q ILJXUHHDFKVTXDUH QRGH LQGLFDWHV WKHNH\ZRUGVDQG WKH OLQHV UHSUHVHQW WKH UHODWLRQVKLS
EHWZHHQ WKHP 7KH WRS .H\ZRUGVZLWK KLJK EHWZHHQHVV FHQWUDOLW\ZHUH DV IROORZV%XUQ
(SLGHPLRORJ\7UHDWPHQW6FDU4XDOLW\RI/LIH9LWLOLJR:RXQG+HDOLQJ3ODWHOHW5LFK3ODVPD
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'U)LURR] IURP7HKUDQ8QLYHUVLW\ RI0HGLFDO 6FLHQF 7806ZLWK  DUWLFOHV KDG WKH ODUJHVW
QXPEHU RI SXEOLFDWLRQV LQ WKH ILHOG RI GHUPDWRORJ\ UHVHDUFK IROORZHG E\ 0'DQHVKSD]KRRK
IURP7806Q &&KDPV'DYDWFKLIURP7806Q DQG<'RZODWLIURP7806Q 
:HDOVRTXDQWLILHGZKHWKHU WKHVHDXWKRUVSXEOLVKHGDVHLWKHU WKHFLWHGDXWKRU&OHDUO\ WKH
FLWHGDXWKRU$)LURR]VWLOOUDQNHGILUVWQ LQWKHGHUPDWRORJ\ILHOG&RQVLGHULQJWKHIDFW
WKDWIRUWKDXWKRU'RZODWLLVWKHVHFRQGKLJKHVWLQWHUPVRIWKHFLWDWLRQQ 6LPLODUO\WKH





















$SSUR[LPDWHO\  RI WKH:R6 SDSHUVZHUH SXEOLVKHG LQ WKHVH PRVW SURGXFWLYH WRS ILYH
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-RXUQDO RI WKH (XURSHDQ $FDGHP\ RI 'HUPDWRORJ\ DQG 9HQHUHRORJ\ $QG %XUQV KDYH WKH
JUHDWHVW LQIOXHQFH RQ WKH ILHOG RI GHUPDWRORJ\0RUHRYHU DOWKRXJK MRXUQDOV OLNH &OLQLFDO DQG
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,Q VFLHQWRPHWULFV TXDQWLWDWLYH VWDWLVWLFDO PHWKRGV DUH HPSOR\HG WR LGHQWLI\ FULWHULD ZKLFK
FRQWULEXWH WR WKH JURZWK DQG H[SDQVLRQ RI VFLHQFHV WKURXJKRXW KXPDQ FRPPXQLWLHV
6FLHQWRPHWULFV LV D SDUW RI VFLHQFH VRFLRORJ\ ZKLFK LV XVHG WR PDNH VFLHQWLILF SROLFLHV DQG
LQFOXGHVTXDQWLWDWLYHVWXGLHVLQVFLHQWLILFDFWLYLWLHVDQGSXEOLFDWLRQVLQWKDWVFLHQWLILFDUHD+RRG
DQG&RQFHSFLQV
7KLVDQDO\VLVGHWHUPLQHG WKHFXUUHQW VWDWHRI UHVHDUFKDQG WUHQGV LQ VWXGLHVDERXWGHUPDWRORJ\
EHWZHHQDQG,QKLVERRN/LWWOH6FLHQFH%LJ6FLHQFHZKLFKLVDIXQGDPHQWDO
ZRUN LQ VFLHQWRPHWULFV 3ULFH DUJXHV WKDW WKH QXPEHU RI VFLHQWLILF DUWLFOHV DUH GRXEOHG HYHU\
ILIWHHQ \HDUV 6XFK D JURZWK UDWH FDQQRW EH DWWULEXWHG RQ D VLQJOH IDFWRU RQO\ DQG LW FDQ EH
FRQFOXGHG WKDW VXFK JURZWK LV WKH HVVHQFH RI VFLHQFH 3ULFH  (YDOXDWLQJ WKH UHVXOWV
KLJKOLJKWV WKDW WKH VFLHQWLILF SURGXFWLRQV LQ GHUPDWRORJLF DUHD KDYH VKRZQ D ULVLQJ WUHQG 7KH
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$FFRUGLQJ WR ELEOLRPHWULF SULQFLSOHV LI D SDSHU LV FLWHG PRUH WLPHV WKDQ RWKHUV LWV TXDOLW\ LV







(SLGHPLRORJ\ DQG 7UHDWPHQW $OVR 0RVW RI WKH KLJKO\ FLWHG SDSHUV ZDV LQ EXUQ VWXG\ 7KH
VWDWLVWLFVLQGLFDWHWKDWEXUQVLQ,UDQDUHKLJKHUWKDQLQPDQ\RWKHUFRXQWULHV6RWKDWEXUQVLQ,UDQ
DUHHLJKW WLPHV WKHJOREDO DYHUDJH(YHU\ \HDU WR WKRXVDQGSHRSOHGLH LQ WKHFRXQWU\
$ERXLH HW DO  7KH SUREDEO\ UHDVRQ IRU IXUWKHU UHVHDUFK RQ WKLV WRSLF 7KHVH UHVXOWV
SURYLGHG D FXUUHQW YLHZ RQ WKH UHVHDUFK IRFXVHV RI GHUPDWRORJ\ 0RUH LPSRUWDQWO\ VXEMHFW




$OPRVW DOO  RI WKH OLWHUDWXUH LQ WKH ILHOG ZDV LQ (QJOLVK )RU EHWWHU LQWHUQDWLRQDO





VFKRODUV VHOHFW WKH DSSURSULDWH MRXUQDO IRU SDSHU VXEPLVVLRQ WKHUHE\ LQFUHDVLQJ WKH FKDQFH RI
DFFHSWDQFHRIWKHVHMRXUQDOVKDGKLJKFLWDWLRQ
$FFRUGLQJ WR ELEOLRPHWULF SULQFLSOHV LI D SDSHU RU DXWKRU LV FLWHG PRUH WLPHV WKDQ RWKHUV LWV




WLYHDXWKRUV³)LURR]$   ³'RZODWL<   &KDPV'DYDWFKL&KDYH WKHPRVW LQIOXHQFH LQ WKLV ILHOG
7806DQGLWVIDFXOW\PHPEHUVKDYHDVLJQLILFDQWUROHLQSXEOLVKLQJVFLHQWLILFSDSHUVLQWKHILHOG
RI UHSURGXFWLYH PHGLFLQH 7806 LV WKH ROGHVW DQG PRVW ZHOONQRZQ PHGLFDO FHQWHU LQ ,UDQ
QDWLRQDOO\ DVZHOO DV LQWHUQDWLRQDOO\ WKDWZDV HVWDEOLVKHG DV D SDUW RI8QLYHUVLW\ RI 7HKUDQ LQ
 7806 DV RQH RI WKH FRXQWU\¶V WRS UHVHDUFK XQLYHUVLWLHV DFFHSWV DSSOLFDWLRQV IURP WKH
PRVWTXDOLILHGVWXGHQWV,WDOVRKDVWKH ODUJHVWVFKRROVRIPHGLFLQHRYHUDKXQGUHGVSHFLDOL]HG
UHVHDUFKFHQWHUDQGWHDFKLQJKRVSLWDOV3URGXFWLYLW\RIDXQLYHUVLW\DUHPRVWO\UHODWHGWRWKH
DXWKRUVZKR DUH DIILOLDWHGZLWK WKDW XQLYHUVLW\ %D]PHW DO  ,Q RWKHUZRUG LQVWLWXWLRQDO
FHQWUDOLW\ ZLWKLQ KLJK SURGXFWLRQV HPHUJHV DQG GHYHORSV DV DXWKRUV DIILOLDWHG ZLWK WKDW
LQVWLWXWLRQV 
,Q FRQFOXVLRQ WKURXJKSHUIRUPLQJ WKH ILUVW VFLHQWRPHWULF VXUYH\ RQ GHUPDWRORJ\ UHVHDUFKZH
DQDO\]HG WKHFKDUDFWHULVWLFVRISDSHUVDQG WKH WUHQGV LQ VFLHQWLILFSURGXFWLRQ&RZRUGDQDO\VLV
UHYHDOHG RXWVWDQGLQJ WRSLFV RI WKH ILHOGZKLFK LV XVHIXO IRU SROLF\ PDNHUV WR OHDUQ DERXW WKH
UHVHDUFK VWDWXV DQG PDNH DSSURSULDWH GHFLVLRQV IRU WKH SURPRWLRQ RI VFKRODUO\ SURGXFWV 7KLV
VWXG\ GLG QRW GHVFULEH WKH IHDWXUHV RI MRXUQDOV LQVWLWXWLRQV RU DXWKRUV DQG GR QRW FRPSDUH WKH
VLWXDWLRQRI,UDQZLWKRWKHUFRXQWULHV

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EUHDN WKURXJK KDV EHFRPH D SUREOHP IDFHG E\ &KLQHVH FRPSDQLHV 7KLV SDSHU XVHV WKH GHJUHH FHQWUDOLW\
EHWZHHQQHVV FHQWUDOLW\ DQG FORVHQHVV FHQWUDOLW\ LQ WKH VRFLDO QHWZRUN DQDO\VLV PHWKRG DQG XVHV WKH GDWD








V OLYHVDPRQJZKLFKWKHGLVSOD\ LQGXVWU\ LVDQLPSRUWDQWSLOODURI WKHLQIRUPDWLRQ
WHFKQRORJ\ LQGXVWU\ VKRZLQJ WKDW WKH LQGXVWU\ KDV WKH DGYDQWDJHV RI KLJK DGGHG YDOXH DQG
ZLGHDSSOLFDWLRQEXWDOVRKDVDVWURQJSXOOLQJHIIHFWRQRWKHULQGXVWULHV:DQJHWDO
'LVSOD\ WHFKQRORJ\ LQYROYHV DOO DVSHFWV RI SURGXFWLRQ DQG OLIH LQFOXGLQJ EXVLQHVV
FRPPXQLFDWLRQ FRPSXWHU LQGXVWU\ DQG PLOLWDU\ ILHOGV HWF 7KHUHIRUH WKH GHYHORSPHQW RI
GLVSOD\WHFKQRORJ\LVRIJUHDWVLJQLILFDQFHWRHFRQRPLFGHYHORSPHQW,QWKHVKRUW\HDUVRI
WKHGHYHORSPHQWRIGLVSOD\WHFKQRORJ\LWKDVH[SHULHQFHGWKHWHFKQRORJLFDOFKDQJHRI&57









PDLQO\GHYHORSV VPDOO VFUHHQV IRUPRELOHSKRQHVZKLOH/*PDLQO\ IRFXVHVRQ ODUJH VFUHHQ
GLVSOD\V ,Q DGGLWLRQ 6RQ\ LQ -DSDQ DQG ,QQROX['LVSOD\ DQG$82SWURQLFV LQ7DLZDQ DUH
DOVRVSHHGLQJXSWKHUHVHDUFKDQGGHYHORSPHQWRI2/('7KHPDLQODQGRI&KLQDVWDUWHGODWH
LQ WKLV ILHOG DQG LV VWLOO LQ WKH SHULRG RI LQGXVWU\ LQWURGXFWLRQ DQG WHFKQRORJ\ JURZWK 7KH
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3DWHQW DV D WHFKQRORJ\ FDUULHU LV DQ LPSRUWDQW SDUW RI VFLHQWLILF GLVFRYHU\ $FFRUGLQJ WR
VWDWLVWLFV WKH SDWHQW OLWHUDWXUH FRQWDLQV PRUH WKDQ   RI WKH ZRUOG
V VFLHQWLILF DQG
WHFKQRORJLFDO LQIRUPDWLRQ:HQHWDO:LWKWKHSDWHQWHH,3&LQYHQWRUHWF LQSDWHQW
LQIRUPDWLRQDVQRGHV DQG WKH UHODWLRQVKLSRI UHIHUHQFHDQGFRRSHUDWLRQDV OLQNVNQRZOHGJH
IORZ QHWZRUN FDQ EH FRQVWUXFWHG DQG NQRZOHGJH GLIIXVLRQ NQRZOHGJH WUDQVIHU DQG
NQRZOHGJH RYHUIORZ FDQ EH PHDVXUHG PRUH DFFXUDWHO\ &RPSDQLHV RIWHQ XVH SDWHQW
FRRSHUDWLRQ WRSURPRWHWKH LPSURYHPHQWRI WKHLURZQWHFKQRORJ\ OHYHOVXFKDV/*3KLOLSV
/&'&R/WGZKLFKHVWDEOLVKHGLQFRRSHUDWLRQZLWK3KLOLSVDQG/*9LVLRQR[ 
V ORQJWHUP
2/(' WHFKQRORJ\ FRRSHUDWLRQ DJUHHPHQWZLWK*HQHUDO 'LVSOD\ HWF7KHVH H[DPSOHV VKRZ
WKDWFRRSHUDWLRQLQWKLVILHOGLVEHFRPLQJPRUHDQGPRUHXQLYHUVDO
/LWHUDWXUH5HYLHZ
2UJDQLF /LJKWLQJ (PLWWLQJ 'LVSOD\ 2/(' UHIHUV WR WKH WHFKQRORJ\ WKDW RUJDQLF
VHPLFRQGXFWRU PDWHULDOV HPLW OLJKW XQGHU WKH DFWLRQ RI HOHFWULF ILHOG 2/(' LV DQ
DOOVROLGVWDWH VWUXFWXUH WKDW DFWLYHO\HPLWV OLJKWZLWKRXWEDFNOLJKW DQGLVFDOOHGGUHDPOLNH
GLVSOD\ WHFKQRORJ\ E\ WKH LQGXVWU\ 2/(' LV RQH RI WKH PRVW SURPLVLQJ QHZ GLVSOD\
WHFKQRORJLHVDQGDOVRDFRPSHWLWLYHKRWVSRWLQWKHLQWHUQDWLRQDOKLJKWHFKILHOG=KDQJ
7KH SKHQRPHQRQ RI RUJDQLF HOHFWUROXPLQHVFHQFH ZDV ILUVW GLVFRYHUHG LQ WKH V EXW LW
FRXOGQRWEHWUXO\LQGXVWULDOL]HGGXHWRDVHULHVRIWHFKQLFDOERWWOHQHFNV&KLQJ:7DQJDQG
9DQ6/\NHSURYLGHGEUHDNWKURXJKSURJUHVVIRU2/('GHYHORSPHQWLQ%HUQDUGHWDO
 ,Q  &DPEULGJH 8QLYHUVLW\ GLVFRYHUHG RUJDQLF HOHFWUROXPLQHVFHQW GLVSOD\
WHFKQRORJ\ IURP SRO\PHUV ZKLFK JUHDWO\ SURPRWHG WKH UDSLG GHYHORSPHQW RI 2/('
WHFKQRORJ\ $IWHU PRUH WKDQ  \HDUV RI WHFKQRORJLFDO HYROXWLRQ 2/(' WHFKQRORJ\ KDV
DFKLHYHGPDQ\WHFKQRORJLFDOEUHDNWKURXJKVDQGJUDGXDOO\PDWXUHG7KLVWHFKQRORJ\KDVEHHQ
LQGXVWULDOL]HG LQ WKH ILHOG RI GLVSOD\ DQG OLJKWLQJ DQG KDV EHFRPH WKH PRVW SRWHQWLDO DQG










PDLQO\ IRFXVLQJ RQ WKH ILHOGV RI HOHFWUROXPLQHVFHQW PDWHULDOV HOHFWUROXPLQHVFHQW SRZHU
VRXUFHV HOHFWUROXPLQHVFHQW SDQHOV DQG VR RQ $V IRU WKH SDWHQWHH WKH SDWHQWHH RI 2/('
PDLQO\ FRQFHQWUDWHG LQ (DVW $VLD (XURSH DQG $PHULFD WKH HDUO\ UHVHDUFK RI 2/('
WHFKQRORJ\ PDLQO\ FRQFHQWUDWHG LQ (XURSH DQG WKH LQGXVWULDOL]DWLRQ RI 2/(' WHFKQRORJ\
PDLQO\FRQFHQWUDWHGLQ(DVW$VLD=KDR;XHZXHWDODQDO\]HG2/('SDWHQWGDWDIURP
WKUHH SDWHQW GDWDEDVHV RI 6,32 86372 DQG (32 DQG IRXQG WKDW WKH PDLQ 2/(' SDWHQW
DSSOLFDQWVDUHIODWSDQHOGLVSOD\PDQXIDFWXUHUVRUIODWSDQHOWHFKQRORJ\OLFHQVLQJFRPSDQLHV
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DQGWKHUHDUHPRUHFRPSDQLHVZLWKKLJKSDWHQWKROGLQJVLQ&KLQD-DSDQDQG6RXWK.RUHD$V
IRU ,3&2/('SDWHQWVPDLQO\ LQYROYH ILHOGV VXFKDV+/ VHPLFRQGXFWRUGHYLFH+%
HOHFWULFKHDWLQJ**VWDWLFLQGLFDWLQJGHYLFHFRPSRVHGRIDFRPELQDWLRQRIVHYHUDO OLJKW
VRXUFHV*) GHYLFH RU GHYLFH IRU FRQWUROOLQJ WKH LQWHQVLW\ FRORU SKDVH SRODUL]DWLRQ RU
GLUHFWLRQRIOLJKWHWF7KHPDLQWHFKQLFDOILHOGVLQYROYHGE\GLIIHUHQWSDWHQWHHVDUHGLIIHUHQW
/XR-LD[LXHWDOFRPSDUHGZLWKWKHSDWHQWOD\RXWRIIRXUFRPSDQLHV6RQ\6DPVXQJ
5L7GLVSOD\ DQG 9LVLRQR[ LQ WKH 8QLWHG 6WDWHV IRXQG WKDW 6RQ\ PDLQO\ FRQFHQWUDWHG RQ
FRQWUROGHYLFHVDQGFLUFXLWV6DPVXQJDQG9LVLRQR[PDLQO\FRQFHQWUDWHGRQFRPSRQHQWVVXFK
DVHOHFWURGHVDQG5L7GLVSOD\PDLQO\FRQFHQWUDWHGRQVROLGVWDWHGHYLFHV
7KH EDVLF SDWHQWV RI 2/(' DUHPDLQO\ RZQHG E\ .RGDN &DPEULGJH 'LVSOD\ 7HFKQRORJ\
&'7LQ%ULWDLQDQG8QLYHUVDO'LVSOD\&RPSDQ\8'&LQWKH8QLWHG6WDWHV$PRQJWKHP
WKHEDVLFSDWHQWVRIVPDOOPROHFXOH2/('DUHPDLQO\RZQHGE\.RGDNDQGWKHEDVLFSDWHQWV




SDWHQW$W WKH VDPH WLPH/* VHW XS WKH FRPSDQ\*OREDO2/('7HFKQRORJ\ LQ WKH8QLWHG
6WDWHV WR H[SDQG LWV LQIOXHQFH LQ WKH $PHULFDV ,Q RUGHU WR UHDOL]H WKH LQGXVWULDOL]DWLRQ RI
SRO\PHU 2/(' WHFKQRORJ\ %ULWDLQ
V &DPEULGJH 'LVSOD\ 7HFKQRORJ\ &RPSDQ\ &'7
DFWLYHO\ SDUWLFLSDWHV LQ WHFKQRORJ\ GLIIXVLRQ ,Q  &'7 ZDV DFTXLUHG E\ 6XPLWRPR





PHWKRG WKH FRRSHUDWLYH UHODWLRQVKLS EHWZHHQ SDWHQWHHV FDQ EH YLVXDOO\ DQDO\]HG DQG D
OHDGLQJ HQWHUSULVH RI WHFKQRORJ\ FDQ EH IRXQG ,Q DGGLWLRQ WR UHJXODU TXDQWLWDWLYH DQDO\VLV
VFKRODUVDOVRXVHGDWDYLVXDOL]DWLRQVRIWZDUHWRPDNHDQHWZRUNVRDVWRREVHUYHWKHQHWZRUN
VWUXFWXUH PRUH LQWXLWLYHO\ &RPPRQ VRFLDO QHWZRUN GDWD YLVXDOL]DWLRQ VRIWZDUH LQFOXGHV
1HWGUDZ3DMHN*HSKL&LWHVSDFHDQGVRRQ:DQJ/LMLHWDNHVWKH,QVWLWXWHRI3RO\PHU
2SWRHOHFWURQLF 0DWHULDOV DQG 'HYLFHV RI 6RXWK &KLQD 8QLYHUVLW\ RI 7HFKQRORJ\ DV WKH
UHVHDUFK REMHFW VHOHFWV LQYHQWRU LQIRUPDWLRQ LQ SDWHQW LQIRUPDWLRQDV WKH LQGH[ WR FRQVWUXFW
LQYHQWRU FRRFFXUUHQFHPDWUL[ DQG -DFDUG FRRFFXUUHQFHPDWUL[ DQG FRQVWUXFWV WKH QHWZRUN
GLDJUDPWKURXJK8FLQHWDQGV\VWHPDWLFDOO\DQDO\]HVWKHQHWZRUNVWUXFWXUHZLWKWKUHHLQGH[HV
RIGHJUHHFHQWUDOLW\EHWZHHQQHVVFHQWUDOLW\DQGFORVHQHVVFHQWUDOLW\
:LWK WKH VXSSRUW RI YDULRXV LQGLFDWRUV RI VRFLDO QHWZRUN DQDO\VLV DQG YDULRXV GDWD
YLVXDOL]DWLRQ WRROV WKLVPHWKRG KDV EHHQ DSSOLHG WRSDWHQW DQDO\VLV LQ YDULRXV ILHOGV:DQJ
+DLORQJ HW DO  VHDUFKHG SDWHQWV LQ WKH VHPLFRQGXFWRU ILHOG WKURXJK 86372 DQG
FRQVWUXFWHG D QHWZRUN EDVHG RQ WKH FLWDWLRQ UHODWLRQVKLS EHWZHHQ SDWHQWV $Q HYDOXDWLRQ
V\VWHPZDV VHWXSWKURXJKVL[ LQGLFDWRUVQDPHO\ WKHGHJUHHRIRXWSXW WKHGHJUHHRI LQSXW
WKHGHJUHHRIEHWZHHQQHVVWKHGHJUHHRIFORVHQHVVWKHHIIHFWLYHVFDOHDQGWKHOLPLWDWLRQ$Q
HPSLULFDO VWXG\ ZDV FRQGXFWHG RQ WKH LGHQWLILFDWLRQ RI SDWHQWEDVHG WHFKQRORJLHV LQ WKH
VHPLFRQGXFWRUILHOG*RQJ-LQWDRHWDOKDYHFRQGXFWHGHPSLULFDOUHVHDUFKLQWKLVILHOG
WKURXJK WKH SDWHQWV RIZLQG SRZHU JHQHUDWLRQ WHFKQRORJ\ LQ &KLQD
V SDWHQW GDWDEDVH7KH\
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KDYH FRQGXFWHG QHWZRUN FRKHVLRQ DQDO\VLV QHWZRUN FRQQHFWLYLW\ DQDO\VLV DQG QHWZRUN
FHQWUDOLW\DQDO\VLVWKURXJKGLIIHUHQWWKHRULHVLQVRFLDOQHWZRUNDQDO\VLV7KH\EHOLHYHWKDWWKH
WHFKQLFDO UHVHDUFK DQG GHYHORSPHQW GLUHFWRUV DQG FRUH UHVHDUFKHUV LQ WKLV ILHOG FDQ EH
LGHQWLILHGWKURXJKWKLVFRPSOH[QHWZRUNDQDO\VLV%UHVFKL6WHIDQRHWDOV\VWHPDWLFDOO\
DQDO\]HG WKHFRQWULEXWLRQRI WKH WUDQVIHURI LQYHQWRUV
 DQG LQYHQWRUV
QHWZRUNV WRNQRZOHGJH
GLVVHPLQDWLRQ ZLWKLQ HQWHUSULVHV DQG ZLWKLQ FLWLHV RU VWDWHV XVLQJ VRFLDO QHWZRUN DQDO\VLV
PHWKRGVEDVHGRQ WKH RULJLQDO GDWD VHW RISDWHQW DSSOLFDWLRQV ILOHGE\86 LQYHQWRUV LQ WKH
(XURSHDQSDWHQWRIILFH 
'DWD
7KH SDWHQW GDWD LQ WKLV SDSHU FRPHV IURP 'HUZHQW ,QQRYDWLRQV ,QGH[ 7KH IRUPXODWLRQ RI









$FFRUGLQJ WR WKH VWDWLVWLFVRQ WKHQXPEHURISDWHQWV KHOGE\ WKHSDWHQWHH WKH WRSSDWHQW




ILHOG DQG 6RXWK .RUHD




2/(' WHFKQRORJ\ UHVHDUFKDQGGHYHORSPHQWZLWK WKH WKLUGODUJHVWQXPEHURISDWHQWV DIWHU
6DPVXQJ'LVSOD\&R/WGDQG/*'LVSOD\&R/WG%XWDWWKHVDPHWLPHQHDUO\KDOIRIWKH
WHFKQRORJ\SDWHQWVLQWKH2/('ILHOGLQPDLQODQG&KLQDDUHXWLOLW\PRGHOV%HFDXVH2/('LV
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FRRFFXUUHQFHPDWUL[LVLPSRUWHGLQWR8FLQHWIRUPDSSLQJ7KHUHVXOWLVVKRZQLQ)LJXUH
,Q WKH QHWZRUN RI 2/(' WHFKQRORJ\ SDWHQWHHV ODUJH QHWZRUNV FRH[LVW ZLWK VPDOO JURXSV
ZKLFKKDYHDQHWZRUNVWUXFWXUHRI OHVV WKDQWHQSHRSOH/DUJHQHWZRUNVKDYHDKLJKGHQVLW\
DQG GLIIHUHQW QRGHV DUH FORVHO\ FRQQHFWHG 7KHUH DUH PDQ\ LPSRUWDQW QRGHV WKDW SOD\ D
EULGJLQJ UROH 7KHVH QRGHV UHSUHVHQW HQWHUSULVHV RU LQGLYLGXDOV KROGLQJ LPSRUWDQW 2/('
SDWHQWV 7KLV UHYHDOV WKH FXUUHQW UHVHDUFK DQG GHYHORSPHQW VWDWXV RI 2/(' WHFKQRORJ\
6DPVXQJ/*3KLOLSVDQGRWKHUFRPSDQLHVLQ(XURSHKDYHPDVWHUHGPDQ\EDVLFSDWHQWVDQG
EHFRPHPDMRUQHWZRUNVFHQWHULQJRQWKHP$WWKHVDPHWLPHWKHUHDUHPDQ\VPDOOUHVHDUFK









LQ WKH SDWHQW FRRSHUDWLRQQHWZRUN FDQ EH HYDOXDWHG &HQWUDOLW\ DQDO\VLV LQFOXGHV PDLQ WKUHH 
SDUWV GHJUHH FHQWUDOLW\ EHWZHHQQHVV FHQWUDOLW\ DQG FORVHQHVV FHQWUDOLW\ 7KURXJK WKH 
FRPSDULVRQ RI WKUHH W\SHV RI FHQWUDOLW\ WKH FRPPXQLFDWLRQ DELOLW\ FRQWURO DELOLW\ DQG 
LQGHSHQGHQWDELOLW\RIHQWHUSULVHVLQ2/('WHFKQRORJ\ILHOGFDQEHFOHDUO\FRPSDUHG 
'HJUHHFHQWUDOLW\ LVWKHPRVWGLUHFWPHDVXUHWRGHVFULEHWKHQRGHFHQWHULQQHWZRUNDQDO\VLV 
7KHJUHDWHU WKHGHJUHHFHQWUDOLW\RIDQRGH WKHKLJKHU WKHGHJUHHFHQWUDOLW\RI WKHQRGHDQG  
WKHPRUHLPSRUWDQWWKHQRGHLVLQWKHQHWZRUN7KHJUHDWHUWKHGHJUHHFHQWUDOLW\RIDSDWHQWHH 
WKHPRUHFHQWUDOLWLVLQWKHQHWZRUN7KHGHJUHHFHQWUDOLW\RISDWHQWHHVLVFDOFXODWHGE\XVLQJ 
8FLQHW DQG WKH OLVW RI WKH WRS  SDWHQWHHV LV VKRZQ LQ 7DEOH  7KH WRS VL[ SDWHQWHHV DUH  
VXEVLGLDULHV RI6DPVXQJ*URXS 6DPVXQJ 0RELOH 'LVSOD\&R /WG6DPVXQJ'LVSOD\ &R 
/WG6DPVXQJ6',&R/WG6DPVXQJ'HQ.DQ&R/WG6DPVXQJ(OHFWURQLFV&R/WGDQG 
6DPVXQJ 0RELOH 'LVSOD\ &R /WG 6HFRQGO\ /HH
V LQGHSHQGHQW SDWHQWHH LV DOVR IURP 
6DPVXQJ *URXS ZKLFK VKRZV 6DPVXQJ *URXS
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8VHWKH1HWGUDZWRGUDZRXW WKHQRGHVZLWKJUHDWHUFHQWUDOLW\DVVKRZQ LQ ILJ,WFDQEH




WHDPV IURP 6LHPHQV 2VUDP 0HUFN DQG 3KLOLSV RI WKH 1HWKHUODQGV ZKLFK DOVR SOD\ DQ








ZLWK HDFK RWKHU EHWZHHQ QRGH SDLUV WKH QRGH PXVW KDYH D YHU\ LPSRUWDQW SRVLWLRQ LQ WKH 
QHWZRUN 7KHUHIRUH PHGLDWLRQ FHQWUDOLW\ LV LQWHUSUHWHG EDVHG RQ WKH QRGH
V FRQWURO RYHU 
FRPPXQLFDWLRQ7KURXJKPHGLDWLRQFHQWUDOLW\DQDO\VLVZHFDQILQGWKHQHWZRUN
VFRPPXQLW\ 
EULGJHRUFRPPXQLFDWLRQERWWOHQHFNRUFURVVERUGHU6RUWLQJRXW WKHLQIRUPDWLRQDERXW WKH  
SDWHQWHH
V EHWZHHQQHVV FHQWUDOLW\ LV VKRZQ LQ 7DEOH  7KH KLJKHU WKH FHQWUDOLW\ RI 
LQWHUPHGLDULHV WKH JUHDWHU WKH SDWHQWHH
V FRQWURO RYHU WKH QHWZRUN 7KH PRVW FHQWUDO 
LQWHUPHGLDU\ LV .RQLQN 3KLOLSV ZKLFK PDLQO\ SURGXFHV ODUJHVL]HG 2/(' VFUHHQV ZKLOH
6DPVXQJ(OHFWURQLFVZKLFKLV LQVHFRQGSODFHPDLQO\VHOOVVPDOOVL]HG2/('VFUHHQV7KH 
WZRFRPSDQLHVKROGLPSRUWDQW WHFKQRORJLHV LQ2/('WHFKQRORJ\,QUHFHQW\HDUV3KLOLSVRI 
WKH 1HWKHUODQGV LQ RUGHU WR FRQVROLGDWH LWV SRVLWLRQ LQ 2/(' ODUJH VFUHHQ GLVSOD\V KDV 
HQWHUHGLQWRYDULRXVFRRSHUDWLRQZLWK/*RI6RXWK.RUHDZKLFKLVDOVRLQWKHOHDGLQJSRVLWLRQ 
LQ WHFKQRORJ\ DQG KDV MRLQWO\ HVWDEOLVKHG /* 3KLOLSV 'LVSOD\ &R /WG ZKLFK ZLOO FDXVH 
PRUHUHVWULFWLRQVRQWKHGHYHORSPHQWRI2/('ODUJHVFUHHQGLVSOD\VLQ&KLQD 
Table 1. Degree of patentee ranking
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WR DOO RWKHU QRGHV LQ WKH QHWZRUN DUH VKRUW UDWKHU WKDQ ORQJ 7KH FORVHU WKH FHQWHU LV WKH
VPDOOHUWKHQRGHLVLQWKHFRUHSRVLWLRQLQWKHQHWZRUN7KHVPDOOHUWKHEHWZHHQQHVVFHQWUDOLW\
RI D SDWHQWHH WKH PRUH LQIRUPDWLRQ LW FDQ REWDLQ 6RUW RXW LQIRUPDWLRQ DERXW SDWHQWHH
V
SUR[LPLW\ WR FHQWUDOLW\ DV VKRZQ LQ7DEOH 7KH WRS ILYH SODFHV FORVHQHVV FHQWUDOLW\ LQ WKH
WDEOHEHORQJ WR6DPVXQJ*URXS LQGLFDWLQJ WKHFORVHGHJUHHRIFRRSHUDWLRQZLWKLQ6DPVXQJ
*URXS7KHWDEOHVKRZVWKDWRIWKHWRSSDWHQWVFORVHWRFHQWUDOLW\DUHLQGLYLGXDOV,WFDQ
EH VHHQ WKDW WKH VWUHQJWK RI WKH LQGLYLGXDO WHDP FDQQRW EH LJQRUHG LQ 2/(' UHVHDUFK DQG
GHYHORSPHQW&KLQHVH HQWHUSULVHV FDQ LQWURGXFH WKHVH WDOHQWVRU FRRSHUDWHZLWK LQGHSHQGHQW
WHDPV ZKHQ GHYHORSLQJ 2/(' (QWHUSULVHV DQG LQGLYLGXDOV IURP RWKHU FRXQWULHV KDYH
ORQJWHUP2/('SDWHQWOD\RXWLQ&KLQDEHFRPLQJWKHSDWHQWHHRILPSRUWDQWWHFKQRORJLHV LQ
5DQNLQJ 3DWHQWHH %HWZHHQQHVV
Table4. Betweenness of patentee ranking
As shown in Figure 3, the patentee's network is drawn with the betweenness as an index. 
The node size represents the patentee's betweenness centrality. Samsung Electronics, 
Kodak and Philips play a very important control role in the network. Merck, Siemens, and 
other 12 companies have formed a cooperation circle structure, effectively promoting 
OLED technology research and development, but this has also formed a barrier to other 
enterprises. Within the circle structure, there are many patent holders in Samsung, 
including various subsidiaries and related independent patent holders. Samsung Group 
controls many related technical resources. Chinese OLED enterprises should deepen their 
cooperation with related companies in the network, strengthen the distribution of foreign 
patents, strive to obtain authorization for core patents or sign licensing agreements, and 
break through the intellectual property barriers and restrictions in international trade. 
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*1 DOJRULWKP LV D VSOLWWLQJ DOJRULWKP IRU VXEJURXS GLVFRYHU\ SURSRVHG E\ *LUYDQ DQG
1HZPDQ $FFRUGLQJ WR WKH GHVFULSWLRQ RI WKH FRPPXQLW\ WKH LQWHUQDO QRGHV RI WKH
FRPPXQLW\DUHGHQVHO\FRQQHFWHGDQGWKHFRQQHFWLRQVEHWZHHQWKHFRPPXQLWLHVDUHUHODWLYHO\
VSDUVH$IHZFRQQHFWLRQVEHWZHHQVXEJURXSVZLOOEHFRPHWKHRQO\ZD\ IRUFRPPXQLFDWLRQ
WUDIILF EHWZHHQ VXEJURXSV &RQVLGHULQJ VRPH IRUP RI FRPPXQLFDWLRQ LQ WKH QHWZRUN DQG
ILQGLQJ WKH HGJH ZLWK WKH KLJKHVW WUDIILF UHPRYLQJ WKH HGJH ZLOO JHW WKH PRVW QDWXUDO
VHJPHQWDWLRQ RI WKH QHWZRUN7KHUHIRUH*LUYDQ DQG1HZPDQ LQWURGXFHG HGJH EHWZHHQQHVV
FHQWUDOLW\ WRPHDVXUHQHWZRUNWUDIILF DQGSURSRVHGDVXEJURXSGLVFRYHU\DOJRULWKPEDVHGRQ
HGJHEHWZHHQQHVVFDOOHG*1DOJRULWKPIRUVKRUW'HQJHWDO
7KURXJK WKLV FOXVWHULQJ DQDO\VLV WKHPDLQ SDWHQW KROGHU QHWZRUN LQ2/(' ILHOG LV GLYLGHG
LQWR IRXU FRPPXQLWLHV DV VKRZQ LQ ILJ  LQ ZKLFK QRGHV RI GLIIHUHQW FRORUV DQG VKDSHV
UHSUHVHQW GLIIHUHQW FRPPXQLWLHV 7KH EOXH FRPPXQLW\ LV WKH ODUJHVW FRPPXQLW\ LQ 2/('
ZLWK6DPVXQJ*URXSDV WKHPDLQ JURXS LQFOXGLQJ6DPVXQJ(OHFWURQLFV6DPVXQJ'LVSOD\
6DPVXQJ 0RELOH 'LVSOD\ DQG VR RQ DV ZHOO DV /* 6XPLWRPR DQG $8 2SWURQLFV 7KH
FRRSHUDWLRQEHWZHHQ$82SWURQLFVDQG6DPVXQJEHJDQLQZKHQWKHWZRVLGHVVLJQHGD




DQG LWV VXEVLGLDU\265$02SWR 6HPLFRQGXFWRU 6 /XR HW DO  5HG FRPPXQLW\ DUH
PDLQO\ $PHULFDQ SDWHQW KROGHUV LQYROYLQJ VFKRODUV HQWHUSULVHV DQG XQLYHUVLWLHV DPRQJ
ZKLFK 3ULQFHWRQ 8QLYHUVLW\ WKH 8QLYHUVLW\ RI 6RXWKHUQ &DOLIRUQLD WKH 8QLYHUVLW\ RI
0LFKLJDQ 0RWRUROD DQG 8'& DUH DOOLHV 8'& FRRSHUDWHG ZLWK 3ULQFHWRQ 8QLYHUVLW\ WKH
8QLYHUVLW\ RI 6RXWKHUQ&DOLIRUQLD DQG WKH8QLYHUVLW\ RI0LFKLJDQ LQ UHVHDUFK DQG REWDLQHG
0RWRUROD
V VROH OLFHQVH WR WUDQVIHU $PRQJ WKHP .RGDN LV WKH NH\ QRGH EHFDXVH LW KROGV
PDQ\ FRUH SDWHQWV VR LW LV YHU\ VWULFW LQ SDWHQW OLFHQVLQJ $W WKH VDPH WLPH WKH JUDQWHG
HQWHUSULVHPXVWOLFHQVHDOOLWVRZQSDWHQWVWR.RGDNIUHHRIFKDUJH7KH\HOORZFRPPXQLW\LV
&KLQHVH 7DLZDQ HQWHUSULVHV DQG UHVHDUFKHUV 7KH FRUH QRGH LV 3URIHVVRU &KHQ &KLQ +VLQ
'HSXW\6HFUHWDU\*HQHUDORI7DLZDQ,QGXVWULDO5HVHDUFK,QVWLWXWHDQG&KLQD2/(',QGXVWU\
$OOLDQFH
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LQFOXGLQJ SDWHQW DOOLDQFH SDWHQW FURVV OLFHQVLQJ DQG RWKHU IRUPV 6RXWK .RUHD KROGV WKH
ODUJHVW QXPEHU RI SDWHQWV LQ 2/(' ILHOG DQG HDFK VXEVLGLDU\ RI 6DPVXQJ *URXS DQG LWV
LQGHSHQGHQW SDWHQWHHV ZLWKLQ WKH JURXS KDYH FORVH FRRSHUDWLRQ $OWKRXJK WKH DPRXQW RI
SDWHQWGLVFORVXUH LQ(XURSHDQG$PHULFD LV QRW DV ODUJH DV WKDW LQ$VLDQ FRXQWULHV WKURXJK




$OWKRXJKPDLQODQG&KLQD UDQNV YHU\ KLJK LQ2/('SDWHQWV WKHUHDUHQRPDLQODQG&KLQHVH
HQWHUSULVHV LQ WKH WKUHH FHQWUDO UDQNLQJV LQ QHWZRUN DQDO\VLV )LUVW RI DOO PDLQODQG 2/('
FRPSDQLHV VWDUWHG ODWH VWDUWLQJ IURP WKH HQG RI WKH YDOXH FKDLQ PRVWO\ LQ D
JHQHUDWLRQE\JHQHUDWLRQ SURFHVVLQJ UHODWLRQVKLSZLWK WKH ZRUOG
V PDMRU 2/(' FRPSDQLHV
DQGKDYHQRW\HWLQWHJUDWHGLQWRWKHZRUOG
VPDMRUSDWHQWFRRSHUDWLRQQHWZRUNV6HFRQGO\WKH
PDMRU 2/(' HQWHUSULVHV KDYH IRUPHG SDWHQW DOOLDQFHV ZKLFK DUH RI JUHDW KHOS WR WKH
WHFKQRORJLFDO XSJUDGLQJ RI WKHLU LQWHUQDOPHPEHUV EXW DW WKH VDPH WLPH WKH\ KDYH FDXVHG
JUHDWREVWDFOHVWRWKHGHYHORSPHQWRIHQWHUSULVHVRXWVLGHWKHDOOLDQFH
,Q RUGHU WR UHDOL]H WKH VXEVWDQWLDO EUHDNWKURXJK RI 2/(' WHFKQRORJ\ &KLQHVH HQWHUSULVHV
VKRXOGLQFUHDVHWKHLUVFLHQWLILFUHVHDUFKLQWHQVLW\PRYHXSVWUHDPLQWRWKHJOREDOYDOXHFKDLQ
LQYHVW LQ QHZ LQGXVWULHV DQG TXLFNO\ IRUP WKH UHVXOWV RI VFLHQWLILF DQG WHFKQRORJLFDO










Proceedings of 14th International Conference on Webometrics, Informetrics and Scientometrics & 19th COLLNET Meeting 2018 









%HUQDUG *HIIUR\ 3KLOLSSH 5R\ DQG &KULVWRSKH 3UDW  2UJDQLF OLJKWHPLWWLQJ GLRGH 2/('
WHFKQRORJ\PDWHULDOVGHYLFHVDQGGLVSOD\WHFKQRORJLHV3RO\PHULQWHUQDWLRQDO
%XUURXJKHV - + %UDGOH\ ' %URZQ $ 5 HW DO  /LJKWHPLWWLQJ GLRGHV EDVHG RQ FRQMXJDWHG
SRO\PHUV1DWXUH






















:DQJ /-  3DWHQW ,QYHQWRU 7HDP DQG &RUH ,QYHQWRU $QDO\VLV %DVHG RQ 8&,1(7 6RFLDO
1HWZRUN$QDO\VLV7DNLQJWKH5HVHDUFK,QVWLWXWHRI3RO\PHU2SWRHOHFWURQLF0DWHULDOVDQG'HYLFHV






=KDR ;: /L: $QDO\VLV RI2/(' 3DWHQW 7HFKQRORJ\ 'HYHORSPHQW 7UHQG(OHFWURQLF
,QWHOOHFWXDO3URSHUW\
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7KHUH LV FRQVLGHUDEOH LQWHUHVW DPRQJ SROLF\PDNHUV DQG DFDGHPLFV UHJDUGLQJ RWKHU SRWHQWLDO DUUDQJHPHQWV WR
HQFRXUDJHWKHLQQRYDWLYHDFWLYLWLHVRI ILUPV7KLVVWXG\DLPV WRLQYHVWLJDWHZKHWKHU5	'LQYHVWPHQWVSURPRWH
RU LPSHGH WKHHQKDQFHPHQWRISDWHQW LQQRYDWLRQHIILFLHQF\ LQ&KLQDDQGDOVR WR UHYHDO WKHVSDWLDOSDWWHUQVRI
SDWHQWLQQRYDWLRQDQGLWVUHJLRQDOLQWHUGHSHQGHQFLHVDQGHYROXWLRQDVZHOODVLWVUROHLQGHWHUPLQLQJWKHHIIHFWV
RIORFDOLQQRYDWLRQLQ&KLQD7KHVSDWLDODXWRUHJUHVVLYHPRGHOLVXVHGWRH[DPLQHWKHHIIHFWVRISDWHQWLQQRYDWLRQ
HIILFLHQF\ 5HVXOWV VKRZ WKDW JHRJUDSKLFDO SUR[LPLW\ PDWWHUV LQ WKH LQWHUUHJLRQDO IORZ RI NQRZOHGJH DQG
WHFKQRORJ\PRUHRYHU LQQRYDWLRQ LQD UHJLRQGHSHQGVRQ LWVRZQ5	'HIIRUWV LWV LQQRYDWLYH WUDGLWLRQDQG LWV




,W LV ZLGHO\ UHFRJQL]HG WKDW WHFKQRORJLFDO LQQRYDWLRQ LV D VRXUFH RI HFRQRPLF JURZWK
&RQVHTXHQWO\ WKHUH LV FRQVLGHUDEOH LQWHUHVW DPRQJ SROLF\PDNHUV DQG DFDGHPLFV UHJDUGLQJ
RWKHUSRWHQWLDODUUDQJHPHQWVWRHQFRXUDJHRUIDFLOLWDWHWKHLQQRYDWLYHDFWLYLW\RIILUPV,QWKLV
FRQWH[WZLWKDUDSLGO\JURZLQJNQRZOHGJHHFRQRP\DQGLQFUHDVLQJHFRQRPLFJOREDOL]DWLRQ
&KLQD KDV SURSRVHG WKH WK)LYH<HDU 3ODQ  WKDW VWLPXODWHV WKH LQQRYDWLRQ RI
VFLHQFH DQG WHFKQRORJ\ FRQWLQXRXVO\ LPSURYHV WKH DELOLW\ RI LQGHSHQGHQW LQQRYDWLRQ DQG
DOVR PDNHV LQQRYDWLRQ D FRUH SRVLWLRQ LQ WKH SURFHVV RI QDWLRQDO HFRQRPLF GHYHORSPHQW
7KHUHIRUH LQGHSHQGHQW LQQRYDWLRQ VHHPV WR KDYH EHFRPH DQ LQHYLWDEOH PHDQV IRU PDQ\
FRPSDQLHVWRDFKLHYHODVWLQJVXUYLYDODQGGHYHORSPHQWDQGDODVWLQJFRPSHWLWLYHHGJH
5HFHQWOLWHUDWXUHRQWKHHFRQRPLFVRILQQRYDWLRQDQGWHFKQRORJLFDOSURFHVVKDVDFHQWUDOLVVXH
WKDW UHVHDUFK DQG GHYHORSPHQW 5	' DV D IRUP RI GHFLVLRQPDNLQJ LQ HQWHUSULVHV KDV
HQGRJHQL]HG WKH HIIHFWV RI WHFKQRORJLFDO LQQRYDWLRQV RQ HFRQRPLF JURZWK $FFRUGLQJ WR
VWDWLVWLFV&KLQDKDVPDGHKXJH5	'H[SHQGLWXUHVGXULQJWKHSDVWGHFDGHVLQWKH5	'
H[SHQGLWXUHV UHDFKHG DSSUR[LPDWHO\  ELOOLRQ 50% &KLQHVH <XDQ ZLWK WKH HDVWHUQ
FHQWUDO DQGZHVWHUQUHJLRQHDFKDFFRXQWLQJ IRUDQG%HVLGHV5	'




LGHQWLI\ DQGPHDVXUH LQQRYDWLRQV:KLOH5	'H[SHQGLWXUHV DUHZLGHO\ XVHGDV DSUR[\ IRU
 
7KLV DUWLFOH LV VXSSRUWHG E\ WKH<RXWK )XQG 3URMHFW RI WKH0LQLVWU\ RI (GXFDWLRQ 12 <-&  WKH
)XQGDPHQWDO 5HVHDUFK )XQGV IRU WKH &HQWUDO 8QLYHUVLWLHV12 '875& 1DWLRQDO 1DWXUDO 6FLHQFH
)RXQGDWLRQ RI &KLQD 1R DQG <RXWK )XQG 3URMHFW RI WKH 0LQLVWU\ RI (GXFDWLRQ 12
<-&
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1DJDRND0RWRKDVKL 	*RWR   ,Q YLHZ RI WKH KXJH GLIIHUHQFHV DQG KHWHURJHQLFLW\
DFURVV UHJLRQV DQG SURYLQFHV LQ &KLQD D K\SRWKHVLV FRXOG EH DVVXPHG WKDW WKHUH H[LVWV
UHJLRQDOGLIIHUHQWLDWLRQLQSDWHQW LQQRYDWLRQHIILFLHQF\ZKLFKKDV LPSRUWDQW LPSOLFDWLRQVIRU
SROLF\PDNHUV WR IRUPXODWH WKH SDWHQWUHODWHGSROLFLHV +RZHYHU WKH LPSRUWDQWTXHVWLRQRI
KRZ SDWHQWV UHDVRQDEO\ LPSDFW WKH FRQWLQXDO LQQRYDWLRQ UHPDLQV XQVHWWOHG %DVHG RQ WKLV
EDFNJURXQG ZH LQYHVWLJDWH WKH VSDWLDO VSLOORYHU HIIHFW RI WHFKQRORJLFDO LQQRYDWLRQV RQ
UHJLRQDO HFRQRPLF JURZWK DQGPDNH D IXUWKHU VWXG\ RI KRZSDWHQWV LPSDFW WKH LQQRYDWLRQ
LQFHQWLYHVDQGWRZKDWH[WHQWWKHDPRXQWRI5	'LQSXWVWLPXODWHVWKHLPSURYHPHQWRISDWHQW
LQQRYDWLRQ
,Q WKLV SDSHUZH H[SORUH WKH LQIOXHQWLDO UHODWLRQVKLS EHWZHHQ SDWHQW LQQRYDWLRQ V\VWHPDQG
HFRQRPLF JURZWK DQG DOVR DQDO\VHV WKH VSDWLDO SDWWHUQV RI SDWHQW LQQRYDWLRQ UHJLRQDO
LQWHUGHSHQGHQFLHVDQGHYROXWLRQDVZHOODV LWVGHWHUPLQDQWV LQUHJLRQDO LQQRYDWLRQLQ&KLQD
7RKDYHDEHWWHUXQGHUVWDQGLQJZHVWXGLHGSDWHQWVXVXDOO\ UHODWHV WR WKHQHHG WRSURWHFW WKH
ILUPV¶ LQFHQWLYH WR LQQRYDWH DQG PDLQWDLQ WKH PRQRSRO\ SURILWV WR JHW WKHLU DFFXPXODWLYH
FRPSHWLWLYH HGJH XQGHU WKH FRQGLWLRQ RIDYRLGLQJ WKH ORVVRI VRFLDOZHOIDUH DQG QRW KDYLQJ
IUHHDFFHVV WRWKHSURWHFWHGJRRGV7KXV WKHSDWHQW LQQRYDWLRQV\VWHP LV JHWWLQJDGLYHUJLQJ
WUHQG DPRQJ QXPHURXV SDWHQW LQQRYDWLRQ UHJLRQV WKH ORFDO SDWHQW LQQRYDWLRQ UHJLRQ LV QRW
RQO\ UHOHYDQW WR LWVHOI EXW DOVR UHOHYDQW WR WKH RWKHU SDWHQW LQQRYDWLRQ UHJLRQV¶ VSDWLDO
LQQRYDWLRQVSLOORYHUV,QWKLVFRQWH[WWKLVSDSHUDQDO\VHVWKHVSDWLDOSDWWHUQVRILQQRYDWLRQDQG
LWV VSDWLDO GLVWULEXWLRQ YLD SDWHQW LQQRYDWLRQ HIILFLHQF\ DQG DOVR LQYHVWLJDWH WKH UHJLRQDO
LQWHUGHSHQGHQFLHV DQG LWV HYROXWLRQ VR DV WR LPSURYH WKHHIIHFWLYHQHVV RISDWHQW LQQRYDWLRQ
SROLFLHV
7KHUHPDLQGHURIWKLVDUWLFOHLVRUJDQL]HGDVIROORZV7KHSDSHUILUVWGLVFXVVHVWKHEDFNJURXQG
DQG QHFHVVLW\ WR VWXG\ SDWHQW LQQRYDWLRQ DQG VSDWLDO VSLOORYHUV  7KH VHFWLRQ  SURYLGHV WKH
VSHFLILF WKHRUHWLFDO OLQNDJH DQG LQIOXHQWLDO UHODWLRQVKLS RI SDWHQW LQQRYDWLRQ DQG HFRQRPLF
JURZWK ZKHUH LW LV EHOLHYHG WKH SDWHQW LQQRYDWLRQ LQVWHDG RI LPLWDWLRQ LV GHILQLWHO\





UHVXOWVRIFRPSUHKHQVLYHDQDO\VLV)LQDOO\ LQVHFWLRQ WKLVSDSHUGLVFXVVHVWKH LPSOLFDWLRQV




&XUUHQW OLWHUDWLRQ KDV D ORW RI GLVFXVVLRQ DERXW WKH UHODWLRQVKLS EHWZHHQ LQQRYDWLRQ DQG
HFRQRPLFJURZWK$FFRUGLQJWRWKH86$GYLVRU\FRPPLWWHHLQQRYDWLRQLVGHILQHGDVIROORZV
µ7KH GHVLJQ LQYHQWLRQ GHYHORSPHQW DQGRU LPSOHPHQWDWLRQ RI QHZ RU DOWHUHG SURGXFWV
VHUYLFHVSURFHVVHVV\VWHPVRUJDQL]DWLRQDOVWUXFWXUHVRUEXVLQHVVPRGHOVIRU WKHSXUSRVHRI
FUHDWLQJQHZYDOXHIRUFXVWRPHUVDQGILQDQFLDOUHWXUQVIRUWKHILUPV,QWKLVFRQWH[WSDWHQWV




WKH WHFKQRORJLFDODGYDQFHPHQWZKLFK LV JHQHUDWHG IURP WKHSDWHQW LQQRYDWLRQ LVEHFRPLQJ
WKH FULWLFDO GULYHU RI ORQJUXQ HFRQRPLF JURZWK 6RPH HFRQRPLVWV KDYH IRXQG WKH UHJXODU
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G\QDPLF PDUJLQDO EHQHILW ZLWK WKH VWDWLFPDUJLQDO HIILFLHQF\ ORVV1RUGKDXV   ZKLOH
RWKHUVILQGSDWHQWVPRUHHIIHFWLYHLQWKHKLJKWHFKDUHD/HYLQHWDO&RKHQHWDO
SDUWLFXODUO\LQWKHFKHPLFDODQGSKDUPDFHXWLFDODUHDVZKHUHDSUHFLVHFKHPLFDOIRUPXODRID
VSHFLILFFRPSRXQGFDQEHDFFXUDWHO\GHVFULEHG LQDSDWHQWKHQFH UHGXFLQJWKH OLNHOLKRRGRI
GLVSXWHRYHUSURSHUW\ULJKWV,QWKLVFRQWH[W&KLQDKDVSURSRVHGDWKH1DWLRQDO0HGLXPDQG
/RQJ 7HUP 3URJUDP IRU 6FLHQFH DQG 7HFKQRORJ\ 'HYHORSPHQW± SXWWLQJ LWV
DWWHQWLRQ SUHFLVHO\ RQ KLJKWHFK DUHDV DQG SUREDEO\ VXSSRUWLQJ ZLWK IDYRUDEOH SROLFLHV DQG
ILQDQFLDOLQFHQWLYHV%HVLGHVDFFRUGLQJWR%HVHQDQG5DVNLQG¶VVWXG\WKHDSSURSULDWHSHULRG









DQG UHJLRQV ,W QRW RQO\ HPSKDVL]HV WKH HIIHFW RI 5	' HIIRUW DQG NQRZOHGJH VWRFN RQ











LWV UHODWLRQVKLS ZLWK HFRQRPLF JURZWK ,Q WKLV FRQWH[W D SURGXFWLRQ±LQQRYDWLRQ V\VWHP LV
HPSOR\HG WR LQYHVWLJDWH WKH SDWHQW LQQRYDWLRQ HIILFLHQF\ DQGPDNH D IXUWKHU DQDO\VLV RI WKH
OLQNDJH EHWZHHQ SDWHQW LQQRYDWLRQ DQG SURGXFWLRQ V\VWHPV 1HYHUWKHOHVV FRQVLGHULQJ
LQQRYDWLRQFDSDFLW\LQDVSHFLILFDUHDOLWHUDWXUHVDOVRFRQWULEXWHWKDWVSLOORYHUVRINQRZOHGJH
DQGLQIRUPDWLRQIURPH[WHUQDOVRXUFHVPD\KDYHDQLQHYLWDEOHLPSDFWRQLQQRYDWLRQSURFHVVHV
DQGHFRQRPLFJURZWK ,Q WKLVFRQWH[W WKH VSDWLDOGLPHQVLRQ KDVEHFRPHDFULWLFDO DVSHFW LQ
GHWHUPLQLQJ KRZ WKRVH VSLOORYHUV RFFXU DQG KRZ WKRVH VSLOORYHUV JHW LQWHUDFWLRQZLWK HDFK
RWKHULQWKHORFDOLQQRYDWLRQSURFHVV$QXPEHURIHFRQRPLVWVKDYHLQYHVWLJDWHGWKHVSDWLDO
VSLOORYHU HIIHFW RI WHFKQRORJLFDO LQQRYDWLRQV RQ UHJLRQDO HFRQRPLF JURZWK   (DWRQ DQG
.RUWXP0RUHQR HW DO 6RPH HPSLULFDO ILQGLQJV DOVR LQGLFDWH WKDW NQRZOHGJH
DQG LQIRUPDWLRQ VSLOORYHUV DUH WHQGLQJ WR VKDSH DV FOXVWHUV LQ VSDWLDO SUR[LPLW\ IURP WKHLU
UHVSHFWLYH VRXUFH7KXV LW FDQ EH DVVXPHG WKDW NQRZOHGJH DQG LQIRUPDWLRQ VSLOORYHUV FRXOG
PDNHDQDGYDQWDJHLQVKDSLQJWKHUHJLRQDOFRQGLWLRQVIRULQQRYDWLRQDFWLYLWLHV,QWKLVFRQWH[W
WKH IUDPHZRUNRIJHRJUDSKLFDO VSDFHDQGVSLOORYHUV OHDGXV WRJHWD IXUWKHUH[SORUDWLRQ LQWR
WKH TXHVWLRQ RI KRZ VXFK VSLOORYHUV EHFRPH HIIHFWLYH DQGZKDW DUH WKH SULPDU\PHDQV IRU
WKHLU GLIIXVLRQ  &RRSHUDWLYH UHODWLRQVKLSV EHWZHHQ UHJLRQDO DFWRUV PD\ EH DQ LPSRUWDQW
YHKLFOH IRU VXFK VSLOORYHUV &RQVHTXHQWO\ D QXPEHU RI OLWHUDWXUHV GHPRQVWUDWH WKDW SROLF\
FRXOGFRQWULEXWH WRDZLGHUDQGIDVWHUGLIIXVLRQRINQRZOHGJHDQG LQIRUPDWLRQ VSLOORYHUVE\
DFWLYHO\VWLPXODWLQJFRRSHUDWLYHUHODWLRQVKLSVFI-RUGHDQG7HHFH:LWKUHOHYDQFHWR
WKH LPSRUWDQFH RI VSDFH IRU WKH GLIIXVLRQ RI NQRZOHGJH DQG LQIRUPDWLRQ JHRJUDSKLF
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SUR[LPLW\ WR LQQRYDWLRQ SURGXFHUV LV OLNHO\ WR SHUIRUP LQ WZR ZD\V LQ D FORVH UHJLRQ
JHRJUDSKLF SUR[LPLW\ WR RWKHU LQQRYDWLYH UHJLRQV VHHPV WR ERRVW WKH ORFDO LQQRYDWLRQ LQ D
SXEOLF UHJLRQ JHRJUDSKLF SUR[LPLW\ WR RWKHU LQQRYDWLYH UHJLRQV FRXOG DOPRVW SURPRWH




RI NQRZOHGJH DQG LQIRUPDWLRQ   2XU DQDO\VLV ZLOO WKHUHIRUH FRQFHQWUDWH RQ WKH UROH DQG




$ QXPEHU RI VWXGLHV KDYH LQYHVWLJDWHG WKH LQQRYDWLRQSURGXFWLYLW\ UHODWLRQVKLS ZLWK VRPH
HPSLULFDO DQDO\VLV UHSRUWLQJ RQ WKH HIIHFWLYHQHVV RI LQQRYDWLRQ RQ ILUPV¶ SURGXFWLYLW\ DQG
HIILFLHQF\XVLQJWKHPHWKRGRORJ\RIHVWLPDWLQJ&REE±'RXJODVSURGXFWLRQIXQFWLRQV*LYHQ
WKHDLPVRIRXUDQDO\VLVDSURGXFWLRQ±LQQRYDWLRQV\VWHPLVHPSOR\HGWRLQYHVWLJDWHWKHSDWHQW




IURQWLHUV WR PHDVXUH WKH SURGXFWLYH HIILFLHQF\ RI GHFLVLRQPDNLQJ XQLWV ZKLFK DLPV WR
LGHQWLI\ WKH PRVW HIILFLHQW XQLWV DPRQJ D VHW RI FRPSDUDEOH HQWLWLHV %DVLF '($ PRGHOV
LQFOXGHWKH&KDUQHVH&RRSHUH5KRGHV &&5PRGHO &KDUQHVHW DODQGWKH%DQNHUH
&KDUQHVH&RRSHU %&&PRGHO %DQNHU HW DO7KHVH'($PRGHOV KDYH EHHQZLGHO\
XVHGWRPHDVXUHWKHWHFKQRORJLFDODQGHFRQRPLFHIILFLHQF\RIXQLWV'HLOPDQQHWDO
5HVRXUFHV FDQ EH UHJDUGHG DV LQSXW YDULDEOHV WRJHWKHU ZLWK FDSLWDO DQG ODERU SDWHQW
DSSOLFDWLRQV DQG VDOHV UHYHQXH RI QHZ SURGXFWV DUH FKRVHQ WR DSSUR[LPDWH WKH LQQRYDWLYH























































:KHUHWKHQRWDWLRQ LVDV IROORZVQQXPEHURI'08V MRWKHU'08VPQXPEHURI LQSXWV
FRQVXPHGE\'08M [LN L ڮP DPRXQWRI LQSXW L FRQVXPHGE\'08MVQXPEHURI
RXWSXWVSURGXFHGE\'08M\UNDPRXQWRIRXWSXWUSURGXFHGE\'08MVíYHFWRURIVODFN
YDULDEOHV UHSUHVHQWLQJ WKH DPRXQW RI LQSXW L WKDW LI UHGXFHG VKLIWV WKH SURMHFWLRQ RI'08
IURPWKHZHDNO\HIILFLHQWIURQWLHUWRWKHVWURQJO\HIILFLHQWIURQWLHUVYHFWRURIVODFNYDULDEOH
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QRW]HUR WKH XQLW LV FRQVLGHUHGZHDNO\ HIILFLHQW )RU DQ\ LQHIILFLHQW'08 LW LV SRVVLEOH WR
ILQG D FRPSRVLWH '08 OLQHDU FRPELQDWLRQ RI XQLWV WKDW FDQ UHGXFH LWV LQSXW OHYHO
PDLQWDLQLQJ WKH VDPH RXWSXW OHYHO ,Q WKLV VWXG\ WKH GLUHFWLRQDO VODFNVEDVHG PRGHO RI
LQHIILFLHQF\ LV HPSOR\HG WR FDOFXODWH UHJLRQDO SDWHQW LQQRYDWLRQ HIILFLHQF\ LQ &KLQD %\




7R KDYH D EHWWHU XQGHUVWDQGLQJ RI WKH LQQHU KHWHURJHQLFLW\ RI UHJLRQDO SDWHQW LQQRYDWLRQ
HIILFLHQF\DQHFRQRPHWULFPRGHOLVDGRSWHGWRGHWHFWWKHJHRJUDSKLFDOFKDUDFWHULVWLFVDQGLWV
















ZKHUH ;L DQG ;M DUH WKH REVHUYDWLRQV IRU UHJLRQV L DQG M RI WKH YDULDEOH RI LQWHUHVW ; 
UHSUHVHQWVWKHUHJLRQDODYHUDJH1UHSUHVHQWVWKHQXPEHURIREVHUYDWLRQVDQGZLMUHSUHVHQWVD
URZVWDQGDUGL]HG : PDWUL[ RI ZHLJKWV 7KHUH LV D K\SRWKHVLV EDVHG RQ JHRJUDSKLFDO
FRQWLJXLW\ WKDW WKH SUR[LPLW\ EHWZHHQ UHJLRQV FRXOG EH GHILQHG DV ZLM WKH LQQRYDWLYH
FRQWLJXLW\EHWZHHQSURGXFWLYHVHFWRUVLIWKHLQWHQVLW\RIWKHLULQQRYDWLYHDFWLYLWLHVDUHKLJKO\
ERQGHG WKDQ WKH DYHUDJH WKH LQQRYDWLYH FRQWLJXLW\ ZLM FRXOG DOPRVW HTXDO WR  7KXV WKH
ELODWHUDOZHLJKWVZLMFRXOGEHXVHGWRDSSUR[LPDWHWKHLQWHQVLW\RIUHJLRQDO LQWHUGHSHQGHQFHV
RISDWHQWLQQRYDWLRQHIILFLHQF\LQ&KLQD
,Q IDFW WKH DFWLYLWLHV RI SDWHQW LQQRYDWLRQ LQ D UHJLRQ GRHV QRWRQO\ KDYH D GHSHQGHQF\ RQ
ORFDO FDSDFLW\ IRU LQQRYDWLRQ DQG ORFDO HFRQRP\ VFDOH EXW DOVR KDYH D WHQGHQF\ RI EHLQJ
LQIOXHQFHG E\ WKH QHDUE\ UHJLRQV ZKLFK FRXOG EH H[SODLQHG DV UHJLRQDO VSLOORYHUV ,Q WKLV
VWXG\DVSDWLDOHFRQRPHWULFPHWKRGRORJ\LVSURYLGHGWRGLVFXVVWKLVSUREOHPIXUWKHUDQGWKH
PRGHOFRXOGEHREWDLQHGDFFRUGLQJWR(T
6/0PRGHO,LW śȨ:,LWǃ5'/LWǃ5'(LWǃ6LWǃ7'LWşLW  
6(0PRGHO,LW śǃ5'/LWǃ5'(LWǃ6LWǃ7'LWşLWşLW Ȣ:ş[LW 
ZKHUH,LVLQQRYDWLYHRXWSXW:LVWKHZHLJKWPDWUL[GHILQLQJWKHSUR[LPLW\RIUHJLRQVDQGWKH
UHJLRQDO VSLOORYHU YDULDEOH5'( GHQRWHV ORFDO 5	' LQYHVWPHQW HIIRUWV DQG5'/ LV KXPDQ
FDSLWDOHQGRZPHQWV$GGLWLRQDOO\WKHLQQRYDWLYHSHUIRUPDQFHFRXOGDOVREHLQIOXHQFHGE\WKH
UHJLRQDO VWUXFWXUDO FKDUDFWHULVWLFV VXFK DV LQGXVWULDO VWUXFWXUHDQG H[WHUQDO WUDGH DQGE\ LWV
LQQRYDWLYHWUDGLWLRQ7KHUHJLRQDOVSLOORYHUWHUPLVWKHZHLJKWHGVXPRILQQRYDWLRQHIIRUWVLQ





WKLV SDSHU XVHV  GDWD IURP &KLQD 6WDWLVWLFDO <HDUERRN DQG &KLQD 6WDWLVWLFDO
<HDUERRNRI6FLHQFHDQG7HFKQRORJ\%\FRQVWUXFWLQJWKHLQQRYDWLRQSURGXFWLRQIURQWLHUWKH
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UHJLRQVDQG WKH UHJLRQDO VSLOORYHUZKHUH , UHSUHVHQWV WKHSDWHQW LQQRYDWLRQHIILFLHQF\5'(
GHQRWHV ORFDO 5	' LQYHVWPHQW HIIRUWV DQG 5'/ LV KXPDQ FDSLWDO HQGRZPHQWV 6 DQG 7'
UHSUHVHQWLQGXVWULDOVWUXFWXUHDQGH[WHUQDOWUDGHUHVSHFWLYHO\7KHRULJLQDOLQQRYDWLRQGDWDEDVH
LV LQWHJUDWHG E\&KLQD 6WDWLVWLFDO <HDUERRN DQG&KLQD 6WDWLVWLFDO <HDUERRN RI 6FLHQFH DQG
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*LYHQ WKH DYDLODELOLW\ RI GDWD DQG FXUUHQW QDWLRQDO SROLF\ZH VHOHFW XQLWV LQ WKH HDVWHUQ
DUHDXQLWV LQ WKHFHQWUDO DUHDXQLWV LQ WKHZHVWHUQDUHDDQG IRFXVRXUDWWHQWLRQRQ WKH
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WLPH SHULRG IURP WR WR FDOFXODWH WKH UHJLRQDO SDWHQW LQQRYDWLRQ HIILFLHQF\ RI 
SURYLQFLDO GLVWULFWV XVLQJ '($ PHWKRG :H GLVFRYHU WKDW WKH UHJLRQDO SDWHQW LQQRYDWLRQ
HIILFLHQF\LQ VRXWKHDVWHUQFRDVWDODUHDVDUHJHQHUDOO\KLJKHU WKDQWKRVHRIGLVWULFWV LQFHQWUDO
DQGZHVWHUQDUHDV$PRQJ UHJLRQDOFOXVWHUV WKH UHJLRQDOSDWHQW LQQRYDWLRQHIILFLHQF\RI WKH
<DQJW]H5LYHU'HOWDLVWKHKLJKHVWIROORZHGE\WKH3HDUO5LYHU'HOWDDQGWKH-LQJ-LQ-LDUHD
7KLVLVEHFDXVHWKHHFRQRP\RIWKH<DQJW]H5LYHU'HOWDLVKLJKO\GHYHORSHGDQGLWVLQGXVWULDO
VWUXFWXUH LV GRPLQDWHG E\ OLJKW LQGXVWU\ ZKLFK UHVXOWV LQ ORZHU LQQRYDWLRQ HIILFLHQF\ 7KH
-LQJ-LQ-L DUHD LQ SDUWLFXODU LQ +HEHL 3URYLQFH KDV D ODUJH QXPEHU RI VWHHOVPHOWLQJ DQG
OHDWKHUSURFHVVLQJHQWHUSULVHVZKLFKDUHW\SLFDOO\HQHUJ\DQGHPLVVLRQLQWHQVLYHDQGSXWOHVV
DWWHQWLRQ RQ WKH LQQRYDWLRQ DFWLYLWLHV 7KH HDVWHUQ GLVWULFWV KDYH KLJK OHYHOV RI HFRQRPLF
GHYHORSPHQW DQG WKH FHQWUDO GLVWULFWV KDYH VXEVWDQWLDO UHVRXUFH DQGHQYLURQPHQWDO FDUU\LQJ




HFRQRPHWULF DSSURDFKHV LQFOXGLQJ VSDWLDO ODJ PRGHO DQG VSDWLDO HUURU PRGHO ZLWK WKH
VHOHFWLQJ FRQWUROOHG YDULDEOHV RI LQGXVWULDO VWUXFWXUH DQG H[WHUQDO WUDGH 7KH WZR IRUPV RI





LQGH[ 2/6 6(0 6$5
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 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 
5'/LW   
5'(LW  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
6LW   
7'LW   
Ȩ   
Ȣ   
5VTXDUHG   
%UHXVFK3DJDQ




FDSLWDO DQG5	'H[SHQGLWXUHHIIRUWVSRVLWLYHO\GHWHUPLQH LQQRYDWLRQ LQD UHJLRQ0RUHRYHU
ZLWKWKHVHFRQWUROOLQJIDFWRUVWKHFRPSRVLWLRQRILQGXVWULDOVWUXFWXUHDOVRSOD\VDGHWHUPLQDQW
UROH LQ WKH LQQRYDWLRQ LQ WKH UHJLRQ 7KHVH UHVXOWV SRLQW WR WKH SUHVHQFH RI D SRVLWLYH





EHWZHHQ WZR UHJLRQV DQG LPSOLHV WKDW WKH KLJKHU WKH YROXPHRI LPSRUWV IURP D UHJLRQ WKH
KLJKHU WKH YROXPH RI LQQRYDWLRQ WKDW LV DFFHVVLEOH IRU WKH LPSRUWLQJ UHJLRQ DQG WKXV WKH
KLJKHU WKH LQWHQVLW\ RI VSLOORYHUV &RQVHTXHQWO\ WKLV PDWUL[ ZLGHQV WKH DVVXPSWLRQ ODUJHO\
Proceedings of 14th International Conference on Webometrics, Informetrics and Scientometrics & 19th COLLNET Meeting 2018 
>> Collaboration - Impact on Productivity  and Innovation <<
- 71 -
















7KH UHJLRQDO SDWHQW LQQRYDWLRQ HIILFLHQF\ LQ &KLQD VKRZV D GHFOLQH WHQGHQF\ IURP HDVWHUQ
DUHDWRZHVWHUQDUHDZLWKWKUHHPDMRUFOXVWHUVRI<DQJW]H5LYHU'HOWD3HDUO5LYHU'HOWDDQG
-LQJ-LQ-LDUHD7KLVLVEHFDXVHWKHHFRQRP\RIWKH<DQJW]H5LYHU'HOWDLVKLJKO\GHYHORSHG
DQG LWV LQGXVWULDO VWUXFWXUH LVGRPLQDWHGE\OLJKW LQGXVWU\ZKLFK UHVXOWV LQ ORZHU LQQRYDWLRQ
HIILFLHQF\ 1HYHUWKHOHVV WKLV SDSHU DOVR GHWHFW WKH HIIHFW RI LQWHUUHJLRQDO H[WHUQDOLWLHV RQ
SDWHQW LQQRYDWLRQ IURP D WHPSRUDO DQG VSDWLDO SHUVSHFWLYH E\ PHDQV RI WKH VSDWLDO
HFRQRPHWULF WHFKQLTXHV5HVXOWV VKRZ WKDW LQQRYDWLRQ LQD UHJLRQGHSHQGVRQ LWVRZQ5	'
HIIRUWVLWVLQQRYDWLYHWUDGLWLRQDQGLWVKXPDQFDSLWDOHQGRZPHQWV0RUHRYHUWKHFRPSRVLWLRQ
RI LQGXVWULDO VWUXFWXUH DOVR KDV D SRVLWLYH HIIHFW RQ LQQRYDWLRQ 0RUHRYHU WKH UHJLRQDO
LQQRYDWLYH DFWLYLWLHV RI5	'SHUIRUPHGE\ UHJLRQDO SDUWQHUV KDV GHPRQVWUDWHG WKDWSROLFLHV
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                         MXOLHOFM#FRP&/XDQ#GOXWHGXFQ
 ,QVWLWXWHRI+XPDQLWLHV	6RFLDO6FLHQFHV'DOLDQ8QLYHUVLW\RI7HFKQRORJ\'DOLDQ&KLQD 






IURPXQLYHUVLWLHV FDQ FRQWULEXWH WR WKH HPHUJHQFH RI QHZ LQGXVWULHV VXFK DV LQ WKH
FDVH RI ELRWHFKQRORJ\  *XHU]RQL $OGULGJH HW DO  0DQ\ VLJQLILFDQW
LQQRYDWLRQVLPSDFWLQJRQRXUOLYHVRQDGDLO\EDVLVDUHWKHSURGXFWVRISURIHVVRUVDQG
VWXGHQWVZRUNLQJDWXQLYHUVLWLHVIURPWKHLQWHUQHWWRWKHQLFRWLQHSDWFKRIWHQLQZD\V
ZHGRQ¶WHYHQUHDOL]H  6WDII:ULWHUV+RZHYHUZKRIRVWHUV LQQRYDWLRQIURP
DFDGHPLF SDWHQWV" )RVWHULQJ LQQRYDWLRQ KDV EHHQ UHFRJQL]HG DV D EHWWHU 5	' WRRO
WKDQPDQGDWHVDQGIXQGLQJ  6QRZIDFLOLWDWLQJLQQRYDWLRQDVVRRQDVSRVVLEOH
ZRXOGEHDPRUHHIIHFWLYHVWHSWKDQVLPSO\LPSRVLQJPDQGDWHVRULQFUHDVLQJIXQGLQJ
LQ EUHDNLQJ DQ DSSDUHQW86 HQHUJ\DQG FOLPDWH UHVHDUFK DQGGHYHORSPHQW ORJMDP
7KLVSDSHUDLPVDWKDYLQJDQLQVLJKW LQWROHDGLQJFXOWLYDWRUV LQIRVWHULQJLQQRYDWLRQV
IURPDFDGHPLFSDWHQWVLQWKHOHDGLQJ86VWDWHVLQWHUPVRILQQRYDWLRQIDFLOLWDWLQJE\
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'DWDVRXUFHDQGGDWDSURFHVV
'DWD LQ WKLV VWXG\ LV IURP WKH RIILFLDO ZHEVLWH RI 8QLWHG 6WDWHV 3DWHQW DQG
7UDGHPDUN 2IILFH 86372 GXULQJ WKH H[HFXWLRQ \HDUV RI  'DWD RI
WHFKQRORJ\ WUDQVIHU IURP DFDGHPLF LQVWLWXWLRQV DUH QHHGHG LQ WKLV VWXG\ )LUVW ZH
VHDUFK RXW DFDGHPLF SDWHQW DVVLJQPHQW GDWD GXULQJ WKH H[HFXWLRQ \HDUV GXULQJ
ZLWK VHDUFK VWUDWHJ\ RI ³$VVLJQRU QDPH XQLYHUVLW\ 25 LQVWLWXWH 25
FROOHJH 25 DFDGHP\´ IURP WKH RIILFLDO ZHEVLWH RI 8QLWHG 6WDWHV 3DWHQW DQG
7UDGHPDUN2IILFH86372 










UHFHLYLQJ PRUH SDWHQW OLFHQVHV IURP DFDGHPLD DUH FRQVLGHUHG DV 86 LQQRYDWLRQ
IRVWHULQJ FHQWUHV ,W LV UHFRJQL]HG WKDW LQQRYDWLRQ IXHOV HFRQRPLF JURZWK DQG
WHFKQRORJ\ WUDQVIHU LV DNH\GULYHURIVXFFHVVIXO LQQRYDWLRQZKLFKKHOSV WKHSULYDWH
VHFWRUDGDSW)HGHUDOUHVHDUFKIRUXVHLQWKHPDUNHWSODFH,WLVZHOONQRZQWKDW6LOLFRQ
9DOOH\ LVDQHVWDEOLVKHG WHFKQRORJ\ LQQRYDWLRQFHQWUH LQ86 )OHPLQJDQG)UHQNHQ
 +HQWRQ DQG +HOG  KRZHYHU OLWWOH LQYHVWLJDWLRQV KDYH EHHQ IRXQG RQ
WHFKQRORJ\ LQQRYDWLRQ IRVWHULQJ FHQWUHV 2XWFRPHV RI RXU HPSLULFDO DQDO\VLV E\
HPSOR\LQJ SUHYLRXVO\ XQH[SORLWHGGDWDGLVFORVH WKH VWDWXV RI KLJKO\ FRQFHQWUDWHG RI
86WHFKQRORJ\LQQRYDWLRQIRVWHULQJFHQWUHV 

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1RWH'LVWULFW RI &ROXPELD LH :DVKLQJWRQ 'LVWULFW RI &ROXPELD :DVKLQJWRQ
'&RU:'& WKH&DSLWDORI86GDWDRISDWHQW OLFHQVHV LV VWDWLVWLFDOO\SDUDOOHOHG
ZLWK86VWDWHV

)LJXUH  VKRZV WKDW WKH VWDWH RI0DU\ODQG JHW WKH ELJJHVW QXPEHU RI DFDGHPLF
SDWHQWOLFHQVHVXSWRDFFRXQWLQJIRU9LUJLQLDUDQNVQGZLWK







WKH ELJJHVW QXPEHU RI DFDGHPLF SDWHQW OLFHQVHV GXULQJ WKH H[HFXWLRQ \HDUV RI
XS WR DFFRXQWLQJ IRU RI WRWDOEHLQJ IDU DKHDGRIRWKHU
VWDWHV7RS$VVLJQHHVLQ0DU\ODQG WKDWLVDFDGHPLDWHFKQRORJ\ LQQRYDWLRQIRVWHUHUV
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$V DZKROH $VVLJQHH RI1,+'++686 *29 DEEU RI   1DWLRQDO ,QVWLWXWHV RI
+HDOWK1,+86'HSWRI+HDOWKDQG+XPDQ6HUYLFHV'++686*RYHUQPHQW
JHWVWKHPDMRULW\RIDFDGHPLFSDWHQWOLFHQVHVXSWRDFFRXQWLQJIRURI
WRWDO OLFHQVHV WUDQVIHUUHG WR0DU\ODQG EHLQJ IDU DKHDG RI RWKHU WRS$VVLJQHHV7KH
WRWDOSURSRUWLRQRIRWKHU$VVLJQHHVLQ0DU\ODQGLVOHVVWKDQDQGWKHFRPSDUDWLYH




9LUJLQLD UHFHLYHV WKH VHFRQG ELJJHVW QXPEHU RI DFDGHPLF SDWHQW OLFHQVHV 
LWHPV GXULQJ  DFFRXQWLQJ IRU RI DOO 7RS$VVLJQHHV LQ9LUJLQLD
WKDWLVOHDGLQJIRVWHUHUVLQ9LUJLQLDKDYHEHHQGUDZQLQ)LJXUH

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)LJXUH  GLVFORVHV WKDW 16) WDNHV WKH ILUVW SODFH ZLWK  DFDGHPLF SDWHQW
OLFHQVHV DFFRXQWLQJ IRU  RI WRWDO DFDGHPLF SDWHQW OLFHQVHV WUDQVIHUUHG WR
9LUJLQLD WKH PRVW OHDGLQJ IRVWHUHUV LQ WKLV VWDWH86 1DY\ WDNHV WKH VHFRQG SODFH
ZLWKPRUHWKDQDFDGHPLFSDWHQWOLFHQVHVDFFRXQWLQJIRUPRUHWKDQRIWRWDO








VWDWHV :'& WRJHWKHU ZLWK $PHULFD¶V ILIW\ VWDWHV FRPSRVHV WKH 8QLWHG 6WDWHV RI
$PHULFD :'& DV WKH 86 SROLWLFDO FHQWUH WKH PDMRULW\ RI )HGHUDO *RYHUQPHQW
$JHQFLHV DQG IRUHLJQ HPEDVVLHV DUH JDWKHULQJ KHUH :'& JHWV WKH WKLUG ELJJHVW
QXPEHU RI DFDGHPLF SDWHQW OLFHQVHV  LWHPV GXULQJ  DFFRXQWLQJ IRU
RIWRWDO7RS$VVLJQHHVLQ:'&WKDWLVOHDGLQJIRVWHUHUVLQ:'&KDYHEHHQ
GUDZQLQ)LJXUH
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'2(86'HSDUWPHQWRI(QHUJ\ZLWK WKHPLVVLRQ WR HQVXUH$PHULFD¶V VHFXULW\
DQG SURVSHULW\ E\ DGGUHVVLQJ LWV HQHUJ\ HQYLURQPHQWDO DQG QXFOHDU FKDOOHQJHV
WKURXJK WUDQVIRUPDWLYH VFLHQFH DQG WHFKQRORJ\ VROXWLRQV WDNHV WKH ILUVW SODFH ZLWK
 DFDGHPLF SDWHQW OLFHQVHV DFFRXQWLQJ IRU  RI WRWDO DFDGHPLF SDWHQW
OLFHQVHVWUDQVIHUUHGWR:'& WKHPRVW OHDGLQJ LQQRYDWLRQ IRVWHUHU LQWKLVDUHDEHLQJ
IDU DKHDG RI RWKHU IRVWHUHUV 1$6$ WDNHV WKH VHFRQG SODFH ZLWK PRUH WKDQ 





DQG WKHUH DUH D IHZ QDWLRQDO ODERUDWRULHV RI '2( ORFDWH LQ &DOLIRUQLD VXFK DV
/DZUHQFH %HUNHOH\ 1DWLRQDO /DERUDWRU\ DW%HUNHOH\&DOLIRUQLD IRXQGHG LQ 
6DQGLD1DWLRQDO/DERUDWRULHVDW/LYHUPRUH&DOLIRUQLDIRXQGHGLQ/DZUHQFH
/LYHUPRUH 1DWLRQDO /DERUDWRU\ DW /LYHUPRUH &DOLIRUQLD IRXQGHG LQ  6/$&
1DWLRQDO$FFHOHUDWRU/DERUDWRU\DW0HQOR3DUN&DOLIRUQLDIRXQGHGLQHWDO
ZKLFK SOD\ D VLJQLILFDQW UROH LQ IRVWHULQJ LQQRYDWLRQ IURP DFDGHPLF LQYHQWLRQV
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&DOLIRUQLD UDQNV WKH IRXUWK RI DFDGHPLF SDWHQW OLFHQVHV WRWDO  LWHPV GXULQJ
















































7UDGLWLRQDOO\ LQGXVWULHV DUH ZLGHO\ UHFRJQL]HG WKDW WKH\ WDNH UHVSRQVLELOLWLHV IRU
LQGXVWULDOL]DWLRQIURPDFDGHPLFLQYHQWLRQVDQGIXUWKHUWRFRPPHUFLDOL]DWLRQ/HHDQG
*DHUWQHU  +RZHYHU RXU HPSLULFDO DQDO\VLV RI WRS$VVLJQHHV LQ WRS$VVLJQHH
VWDWHVLQWHUPVRI86DFDGHPLFSDWHQWOLFHQVHVE\HPSOR\LQJSUHYLRXVO\XQH[SORLWHG
GDWD GLVFORVH WKDW LW LV 86 JRYHUQPHQW DJHQFLHV ZKR DUH WKH OHDGLQJ IRVWHUHUV LQ
IRVWHULQJ LQQRYDWLRQ IURP DFDGHPLF LQYHQWLRQV 7KH ILQGLQJV RI WKLV VWXG\ GLVFORVH
WKDW86JRYHUQPHQWKDVSOD\HGDVLJQLILFDQWUROHLQIRVWHULQJWHFKQRORJ\LQQRYDWLRQ
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IURP DFDGHPLF SDWHQWV LQVWHDG RI LQGXVWULHV 6XFK UHVXOWV OHW XV UHIOHFW RQ WKH
JRYHUQPHQWUROHLQ7ULSOH+HOL[LQQRYDWLRQV\VWHP7KHFRQFHSWRIWKH7ULSOH+HOL[RI
XQLYHUVLW\LQGXVWU\JRYHUQPHQWUHODWLRQVKLSVLQLWLDWHGE\(W]NRZLW](W]NRZLW]
DQG (W]NRZLW] DQG /H\GHVGRUII (W]NRZLW] DQG /H\GHVGRUII   LQWHUSUHWV WKH
VKLIW IURP D GRPLQDWLQJ LQGXVWU\JRYHUQPHQW G\DG LQ WKH ,QGXVWULDO 6RFLHW\ WR D
JURZLQJWULDGLF UHODWLRQVKLSEHWZHHQXQLYHUVLW\LQGXVWU\JRYHUQPHQW8,*PRGHO LQ
WKH.QRZOHGJH6RFLHW\  6WDQIRUG 

:K\ WKH 86 JRYHUQPHQW LV WKH DFDGHPLF WHFKQRORJ\ IRVWHUHU UDWKHU WKDQ WKH
LQGXVWU\"2QRQHKDQG LW LVJHQHUDOO\DFNQRZOHGJHGWKDWXQLYHUVLWLHVDUHFUHDWRUVRI
QHZ NQRZOHGJH LQ KLVWRU\ ZKLFK KDYH EURXJKW WKH UHYROXWLRQDU\ EUHDNWKURXJKV IRU
KXPDQVRFLHW\DQGWHFKQRORJ\GHYHORSPHQW*XHU]RQL$OGULGJHHWDO0F*UDWK
 2Q WKH RWKHU KDQG JHQHUDO NQRZOHGJH UHVXOWHG E\ EDVLF VFLHQWLILF UHVHDUFK
SURYLGHV WKH PHDQV RI DQVZHULQJ D ODUJH QXPEHU RI LPSRUWDQW SUDFWLFDO SUREOHPV
WKRXJK LWPD\QRWJLYHDFRPSOHWHVSHFLILFDQVZHUWRDQ\RQHRI WKHP%XVK
%DVHGRQVXFKVLWXDWLRQVWKHLQGXVWU\WHQGVWREHODFNRIPRWLYDWLRQVLQIRVWHULQJWKH
HPHUJLQJ DQG VWUDWHJLF WHFKQRORJLHV FRPLQJ IURP XQLYHUVLWLHV IRU WKH XQFHUWDLQWLHV
DQGULVNV7VDL/LQHWDO7DQJ0XUSKUHHHWDOZKHUHDV86JRYHUQPHQW
KDVUHFRJQL]HGWKHVLJQLILFDQFHIRUVXSSRUWLQJDFDGHPLFUHVHDUFKIURPZKHQWKH
6HFRQG:RUOG:DU HQGHGRU HYHQ HDUOLHU %XVK +RQJ/LSSPDQ HW DO
$L]HQPDQ DQG1R\ DQG IXUWKHU KDV SURPRWHG DFDGHPLF WHFKQRORJ\ IRVWHULQJ





:KDW PHDVXUHV 86 JRYHUQPHQW KDYH WDNHQ IRU ERRVWLQJ LQQRYDWLRQ" 86
JRYHUQPHQW WDNHV D SRVLWLYH DWWLWXGH DQG D VHULHV RI VWHSV LQ IRVWHULQJ DFDGHPLF
LQYHQWLRQV *RYHUQPHQW VHOHFWV DQG KDWFKHV FXWWLQJHGJH WHFKQRORJLHV IURP
XQLYHUVLWLHV VLPXOWDQHRXVO\ JRYHUQPHQW DGRSWV VWHSV GHUHJXODWLQJ LQGXVWULHV
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HQFRXUDJLQJ HPHUJLQJ LQGXVWULHV GHYHORSPHQW DIIRUGLQJ HGXFDWLRQ DQG WUDLQLQJ IRU
WKHVWUXFWXUDOXQHPSOR\PHQWRIIHULQJVXEVLGLHVIRUVXQVHWRUXQFRPSHWLWLYHLQGXVWULHV
HW DO IRU WKH JURXSV ORVLQJ LQWHUHVW GXH WR WHFKQRORJLFDO FKDQJH WR LQVXUH WKH
WUDQVIRUP LPSOHPHQWHG 0L\D]DNL DQG ,VODP  5HLFK  JRYHUQPHQW DOVR
LPSOHPHQWVSXEOLFSURFXUHPHQWDQGUHODWHGILQDQFLDOSROLFLHV LQERRVWLQJWHFKQRORJ\
LQQRYDWLRQIURPDFDGHPLFSDWHQWV8QLWHG6WDWHVLVDFNQRZOHGJHGDVWKHILUVWDQGWKH
PRVW VXFFHVVIXO FRXQWU\ DGRSWLQJ SXEOLF SURFXUHPHQW SURPRWLQJ LQQRYDWLRQ DQG
HPHUJLQJLQGXVWULHVGHYHORSPHQW$VFKKRIIDQG6RIND8\DUUD(GOHUHWDO





KDV VLJQLILFDQW SROLF\ LPSOLFDWLRQV DQG UHIHUHQWLDO YDOXHV WR&KLQHVH JRYHUQPHQW LQ
WKH SURFHVV RI FRQVWUXFWLRQ RI LQQRYDWLYH FRXQWU\  /LX DQG&KHQ 0F0DKRQ
DQG 7KRUVWHLQVGRWWLU  $ NH\ SUREOHP IRU&KLQHVH JRYHUQPHQW WR VROYH LV WKH
FRQVLGHUDEOHORZUDWHRIXQLYHUVLW\WHFKQRORJ\WUDQVIHU  =KDQJDQG*DOODJKHU
=KDQJ'XDQHWDO$IHZUHODWHGODZVDQGUHJXODWLRQVIRUSURPRWLQJDFDGHPLF
LQYHQWLRQV WUDQVIHU KDYH EHHQ LQWURGXFHG LQ &KLQD UHFHQW \HDU HYHQ LQFOXGLQJ D
%D\K'ROHOLNH ODZ QDPHG WKH 5HYLVHG 6FLHQFH DQG 7HFKQRORJ\ 3URJUHVV /DZ
LPSOHPHQWHG LQ  +RZHYHU &KLQHVH OHJDO V\VWHP FRQVWUXFWLRQ SHUWLQHQW WR





HVSHFLDOO\ DFDGHPLF LQYHQWLRQV GXH WR WKH ULVNV DQG XQFHUWDLQWLHV LQ WKH SURFHVV RI
WHFKQRORJ\LQQRYDWLRQ*RYHUQPHQW¶VLQYROYHPHQWLQWRIRVWHULQJLQQRYDWLRQLQFOXGHV
WKH IROORZLQJ VWHSV VHOHFW HPHUJLQJ FXWWLQJHGJH WHFKQRORJLHV HVSHFLDOO\ IURP
DFDGHPLF SDWHQWV ZKLFK ZLOO SOD\ FUXFLDO UROHV LQ WKH IXWXUH LQGXVWU\ DQG VRFLHW\
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IRVWHU VXFK SRWHQWLDO WHFKQRORJLHV DQG SURPRWH WKHP LQWR LQGXVWULDOL]DWLRQ DQG
FRPPHUFLDOL]DWLRQ IXUWKHU JOREDOL]DWLRQ $ QXPEHU RI KLJKWHFK LQGXVWULDOL]DWLRQV
SURPRWHGE\86JRYHUQPHQWLQDGYDQFHVLQFHVKDYHGHYHORSHGLQWRPDLQVWD\
LQGXVWULHV RI QDWLRQDO HFRQRP\ DIWHUZDUGV 'RXWULDX[  (W]NRZLW] 






VWUHQJWKHQ LQGXVWULHV¶ FRQILGHQFH DGDSWLQJ QHZ WHFKQRORJLHV DQG SURGXFWV 8QLWHG
6WDWHV LV DFNQRZOHGJHG DV WKH PRVW VXFFHVVIXO FRXQWU\ DSSO\LQJ JRYHUQPHQW
SURFXUHPHQW SURPRWLQJ LQQRYDWLRQ LQ WKHZRUOG $VFKKRII DQG6RIND 8\DUUD
(GOHUHWDO+HOOVPDUNDQG6RGHUKROP
$FNQRZOHGJPHQWV
7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD
16)& XQGHU *UDQW  	  )XQGDPHQWDO UHVHDUFK IXQGV IRU WKH
FHQWUDOXQLYHUVLWLHVXQGHU*UDQW1R'875:  
5HIHUHQFHV
$L]HQPDQ - DQG , 1R\  3UL]HV IRU EDVLF UHVHDUFK +XPDQ FDSLWDO HFRQRPLF
PLJKWDQGWKHVKDGRZRIKLVWRU\-RXUQDORI(FRQRPLF*URZWK
$UYH0 DQG'0DUWLPRUW '\QDPLF3URFXUHPHQWXQGHU8QFHUWDLQW\2SWLPDO






'H &OHUFN ' DQG ( 'HPHXOHPHHVWHU  &UHDWLQJ D 0RUH &RPSHWLWLYH 333
3URFXUHPHQW 0DUNHW *DPH 7KHRUHWLFDO $QDO\VLV -RXUQDO RI 0DQDJHPHQW LQ (QJLQHHULQJ

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'RUQHU 0 + )U\JHV DQG . 6FKRSHQ  :DJHV LQ KLJKWHFK VWDUWXSV  'R
DFDGHPLFVSLQRIIVSD\DZDJHSUHPLXP"5HVHDUFK3ROLF\
'RXWULDX[ -  (0(5*,1* +,*+7(&+ ),506  +2: '85$%/( $5(
7+(,5 &203$5$7,9( 67$5783$'9$17$*(6 -RXUQDO RI %XVLQHVV 9HQWXULQJ 

(W]NRZLW] +  7KH WULSOH KHOL[ $FDGHPLFLQGXVWU\JRYHUQPHQW UHODWLRQV 
,PSOLFDWLRQV IRU WKH 1HZ <RUN UHJLRQDO LQQRYDWLRQ HQYLURQPHQW 7HFKQRORJ\ /LQN WR
(FRQRPLF'HYHORSPHQW 3DVW /HVVRQV DQG )XWXUH ,PSHUDWLYHV 685D\PRQG1HZ<RUN
1HZ<RUN$FDG6FLHQFHV
(W]NRZLW] +  )URP ]HURVXP WR YDOXHDGGHG VWUDWHJLHV 7KH HPHUJHQFH RI
NQRZOHGJHEDVHG LQGXVWULDO SROLF\ LQ WKH VWDWHVRI WKH8QLWHG6WDWHV3ROLF\6WXGLHV -RXUQDO

(W]NRZLW]+ DQG/ /H\GHVGRUII 7KH G\QDPLFV RI LQQRYDWLRQ IURP1DWLRQDO
6\VWHPV DQG 0RGH  WR D 7ULSOH +HOL[ RI XQLYHUVLW\LQGXVWU\JRYHUQPHQW UHODWLRQV
5HVHDUFK3ROLF\
)OHPLQJ / DQG. )UHQNHQ  7KH HYROXWLRQ RI LQYHQWRU QHWZRUNV LQ WKH VLOLFRQ
YDOOH\DQG%RVWRQUHJLRQV$GYDQFHVLQ&RPSOH[6\VWHPV
*XHU]RQL 0 7 7 $OGULGJH ' % $XGUHWVFK DQG 6 'HVDL  $ QHZ LQGXVWU\
FUHDWLRQ DQG RULJLQDOLW\ ,QVLJKW IURP WKH IXQGLQJ VRXUFHV RI XQLYHUVLW\ SDWHQWV 5HVHDUFK
3ROLF\
+HOOVPDUN + DQG 3 6RGHUKROP  ,QQRYDWLRQ SROLFLHV IRU DGYDQFHG ELRUHILQHU\
GHYHORSPHQW NH\ FRQVLGHUDWLRQV DQG OHVVRQV IURP 6ZHGHQ %LRIXHOV %LRSURGXFWV 	
%LRUHILQLQJ%LRISU
+HQWRQ' DQG.+HOG  7KH G\QDPLFV RI 6LOLFRQ9DOOH\&UHDWLYH GHVWUXFWLRQ
DQG WKH HYROXWLRQ RI WKH LQQRYDWLRQ KDELWDW 6RFLDO 6FLHQFH ,QIRUPDWLRQ 6XU /HV 6FLHQFHV
6RFLDOHV
+RQJ : . 6 0 /LSSPDQ : 1 +LWWHOPDQ DQG 5 /RWDQ  5HWLQRLG
FKHPRSUHYHQWLRQRIDHURGLJHVWLYH FDQFHU)URPEDVLF UHVHDUFK WR WKH FOLQLF&OLQLFDO&DQFHU
5HVHDUFK
.HOOHU / 5  0XOWLDWWULEXWH DQG ,QWHUWHPSRUDO 3UHIHUHQFHV 3UREDELOLW\ DQG
6WRFKDVWLF3URFHVVHV0RGHOVDQG$VVHVVPHQW'HFLVLRQ$QDO\VLV
/HH < DQG 5 *DHUWQHU  7(&+12/2*<75$16)(5 )520 81,9(56,7<
72 ,1'8675<  $ /$5*(6&$/( (;3(5,0(17 :,7+ 7(&+12/2*<
'(9(/230(17$1'&200(5&,$/,=$7,213ROLF\6WXGLHV-RXUQDO
/LX0 & DQG 6 +&KHQ 01&V




/LX1 DQG - & *XDQ  3ROLF\ DQG LQQRYDWLRQ 1DQRHQHUJ\ WHFKQRORJ\ LQ WKH
86$DQG&KLQD(QHUJ\3ROLF\
0F*UDWK5* 7KH$FDGHPLF(QWUHSUHQHXU$%LRJUDSKLFDO6NHWFK RI ,DQ&
0DF0LOODQ
V &RQWULEXWLRQV WR (VWDEOLVKLQJ WKH )LHOG RI (QWUHSUHQHXUVKLS 6WUDWHJLF
(QWUHSUHQHXUVKLS-RXUQDO
0F0DKRQ'DQG+7KRUVWHLQVGRWWLU3XUVXLQJHQGRJHQRXVKLJKWHFKLQQRYDWLRQ
LQ GHYHORSLQJ FRXQWULHV $ ORRN DW UHJHQHUDWLYH PHGLFLQH LQQRYDWLRQ LQ %UD]LO &KLQD DQG
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1HJRLWD 0  *OREDOL]DWLRQ VWDWH DQG LQQRYDWLRQ $Q DSSUDLVDO RI QHWZRUNHG
LQGXVWULDOSROLF\5HJXODWLRQ	*RYHUQDQFH






6WDII:ULWHUV ,PSRUWDQW ,QQRYDWLRQV7KDW&DPH)URP8QLYHUVLW\5HVHDUFK 
KWWSZZZRQOLQHXQLYHUVLWLHVFRPEORJLPSRUWDQWLQQRYDWLRQVWKDWFDPHIURP
XQLYHUVLW\UHVHDUFK







XQGHUXQFHUWDLQW\ LQKLJKWHFK LQGXVWULHV$QLPSOLFDWLRQ IRUHPHUJLQJHFRQRPLHV5HVHDUFK
3ROLF\
8\DUUD ( - (GOHU - *DUFLD(VWHYH] / *HRUJKLRX DQG - <HRZ  %DUULHUV WR
LQQRYDWLRQ WKURXJK SXEOLF SURFXUHPHQW $ VXSSOLHU SHUVSHFWLYH 7HFKQRYDWLRQ 






=KDQJ * 3 + % 'XDQ DQG - + =KRX  ,QYHVWLJDWLQJ GHWHUPLQDQWV RI
LQWHUUHJLRQDO WHFKQRORJ\ WUDQVIHU LQ&KLQD D QHWZRUN DQDO\VLVZLWK SURYLQFLDO SDWHQW GDWD
5HYLHZRI0DQDJHULDO6FLHQFH
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7KLVUHVHDUFKVWULYHG WRLQYHVWLJDWHDQGSURYLGHDQVZHU WR WKHVHTXHVWLRQVKRZUHVHDUFKHUVLQWHUDFWZLWKRQOLQH
LQIRUPDWLRQUHVRXUFHVZKHQWKH\VHDUFKIRULQIRUPDWLRQWRPHHWWKHLULQIRUPDWLRQQHHGV7KHUHVHDUFKDOVRLQWHQGHG





PRUH OLNHO\ WR JHW WKH UHVRXUFHV WKH\ QHHGHG IURP VRFLDOQHWZRUNV&RQVXOWLQJ WKH GDWDEDVHV DQG VFLHQWLILF VRFLDO
QHWZRUNVVXFKDV*RRJOH6FKRODUZDVFRPPRQ$PRQJWKHRQOLQHLQIRUPDWLRQUHVRXUFHVWKHXVHRIDFDGHPLFMRXUQDOV












.H\ZRUGV 2QOLQH ,QIRUPDWLRQ 5HVRXUFHV 8VHU ,QWHUDFWLRQ ,QIRUPHWULFV ([SOLFLW XVHIXO
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LV RQH RI WKH PRVW FKDOOHQJLQJ LVVXHV RQ WKH ,QWHUQHW HUD 2QOLQH VHDUFK WRROV WU\ WR SURYLGH
FDSDELOLWLHV WKDW H[WUDFWLQJ WKH PRVW UHOHYDQW UHFRUGV IRU XVHU QHHGV+DJKLJKL 1REMDUL
0DFKLQH ODQJXDJH0/VHHPVWREHDQDSSURSULDWHVROXWLRQEXWWKHQDWXUDO ODQJXDJH LV
YHU\FRPSOH[DQGPDFKLQHWUDQVODWLRQKDVQRWUHDFKHGLQDPDWXULW\OHYHOWRKHOSH[DFWO\UHOHYDQW
LQIRUPDWLRQ UHWULHYDO0DGDQNHU &KDQGDN DQG &KXDQ7KHLPSRUWDQFHRI XQGHUVWDQGLQJ





XQLIRUP VWDQGDUG DQG WUDQVSDUHQW PDQQHU RQ WKH RWKHU KDQG XVHUV VKRXOG KDYH WKH VNLOOV WR
UHWULHYHWKHLQIRUPDWLRQWKH\QHHG(DFKLQIRUPDWLRQV\VWHPKDVDVSHFLILFEDVLVIRUDQDO\VLV LQ
ZKLFKWKHV\VWHP LVEDVHGRQWKHLQWHUSUHWDWLRQRI LQIRUPDWLRQDQGWKHFRUUHVSRQGHQFHEHWZHHQ
GRFXPHQWV DQG LQIRUPDWLRQ UHTXHVWV DQG WKXV GDWD UHWULHYDO LV FDUULHG
RXW*D]QL,QIRUPDWLRQUHWULHYDOV\VWHPVKDYHDOVRVRXJKWWRDFKLHYHWKHJRDORIPHHWLQJ
WKH GHPDQGV RI XVHUV DQG WKH GRFXPHQWV SUHVHQWHG DV VHDUFK UHVXOWV GXULQJ WKHLU
KLVWRU\+DVVDQ]DGHK
2Q WKHRWKHUKDQG UHVHDUFKHUV VKRXOG EHDEOH WRGHWHUPLQH WKHDPRXQWDQG W\SHRIGDWDDQG




VHDUFK IRU LQIRUPDWLRQ DQG DGGUHVV WKHLU LQIRUPDWLRQ QHHGV$ ORW RI UHVHDUFK RQ LQIRUPDWLRQ




YDULHW\ RI LQIRUPDWLRQ VRXUFHV4XRWHG IURP%DEDLH DQG %LJGHOL0DQVRXULDQ DQG
<D]GDQLDOVRFRQFOXGHG WKDW.KDUD]PL 8QLYHUVLW\ JUDGXDWH VWXGHQWV GR QRW XVH DQ\
V\VWHPDWLF PRGHO IRU LQIRUPDWLRQ VHHNLQJ EHKDYLRU SDWWHUQV DQG DUH RIWHQ QRW IDPLOLDU ZLWK
GDWDEDVHVDQGKRZWKH\DUHVHDUFKHG
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WRROVDQGRWKHU VLPLODU WRROV OHVVZLGHO\NQRZQ LVKRZWRXVHWKHVH WRROVHIILFLHQWO\ TXRWHGLQ




SDUWLFXODU ODQJXDJHZKHQVHDUFKLQJ IRU LQIRUPDWLRQWKH\ QHHG%XW WR LPSURYH WKH UHVXOWV WKH\
KDYHWRGRWKHLUVHDUFKLQDOOODQJXDJHV/\QQ5RELQVRQDLPVWRSURYLGHDQLQVLJKWLQWRWKH




0DGGHUDQG FROOHDJXHVDOVRKLJKOLJKWHG WKH PRVW LPSRUWDQW SDUWV RI GDWD UHWULHYDO
UHWULHYDO RI FURVVODQJXDJH GDWD PXOWLOLQJXDO LQIRUPDWLRQ UHWULHYDO DQG PDFKLQH WUDQVODWLRQ






LQ PDQDJLQJ WLPH DQG RQ WKH RWKHU KDQG ZLOOOHDG WR KLJKHU TXDOLW\ UHVHDUFK$V




 :KDW DUH WKH EHVW SUDFWLFH RI UHVHDUFKHUV IURP LQWHUDFWLQJ ZLWK RQOLQH LQIRUPDWLRQ
UHVRXUFHV"
 :KDW LV WKH UHVHDUFKHUV








  :KDW LV WKHGLIIHUHQFH EHWZHHQ WKH VRXUFHV RI RQOLQH LQIRUPDWLRQ DQG QRQRQOLQH
LQIRUPDWLRQUHVRXUFHVDQGKRZUHPDUNDEOHLVWKLVGLVWLQFWLRQ"
 :KDWDUHWKHGLVWLQFWLYHIHDWXUHVRIRQOLQHLQIRUPDWLRQUHVRXUFHVZLWKQRQRQOLQHVRXUFHV of
      information
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ZLWK WKLV UHVHDUFK9DOLGLW\DQG UHOLDELOLW\RI WKH 




$JHRI LQWHUYLHZHHV UDQJHG IURP  WR <HDUV RXW RI  SHUVRQVZDV IHPDOH DQG 
PDOH6HYHQ SHUVRQV KDYH PDVWHUV'HJUHHDQGZLWK3K'(LJKWUHVHDUFKHUV ZHUH IURP 
LQIRUPDWLRQ VFLHQFH DQGIURP RWKHU ILHOGV 7KHDYHUDJH ZHE VXUILQJ WLPH E\ WKHVH 
UHVHDUFKHUVZDVKRXUVSHUGD\DQGIRUVFLHQWLILFLQIRUPDWLRQ
*RRJOH*RRJOH 6FKRODUDQG 0LFURVRIW $FDGHPLF ZHUH WRS VHDUFK HQJLQHV WKH\KDG 








DQG RWKHU UHVHDUFKHUVZHUH WKH SDWKV DQG UHVRXUFHVWKDW WKHUHVHDUFKHUV H[DPLQHG WR ILQG 
LQIRUPDWLRQWKURXJKLW7KHOHYHORIIDPLOLDULW\RIUHVHDUFKHUVZLWKVFLHQWLILFVRFLDOQHWZRUNVZDV 
JRRGDQG/LQNHG,Q5HVHDUFK*DWHDQG$FDGHPLDZHUHDPRQJSRSXODUVFLHQWLILFVRFLDOQHWZRUNV
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7KH UHVXOWV LQGLFDWH WKDW UHVHDUFKHUV FRQVLGHU RQOLQH LQIRUPDWLRQ VRXUFHV DV D WRRO IRU WKHLU
NQRZOHGJHGHYHORSPHQW7KH\DUHGXHWRPHHWGLIIHUHQW UHVHDUFK WHFKQLTXHVDZDUHRI WKHQHZ
UHVHDUFKILHOGVDQGPHHWQHZGDWDEDVHVWRVWUHQJWKHQWKHLUVFLHQWLILFFRQVFLRXVQHVV,QWKLVUHJDUG
RQH UHVHDUFKHU UHVSRQGV WR WKH TXHVWLRQ:KDW DUHWKH XVHIXO H[SHULHQFHV RI UHVHDUFKHUV ZLWK
LQWHUDFWLQJZLWKRQOLQHLQIRUPDWLRQUHVRXUFHV"´
5HSOLHG)LQGQHZPDQDJHPHQWILHOGV)LQGQHZUHVHDUFKHUFROOHDJXHV,QFUHDVLQJVHDUFKVNLOOV
DQG UHVHDUFK PHWKRGV´2QOLQH LQIRUPDWLRQ UHVRXUFHV DUH D JRRG SODWIRUP IRU FROODERUDWLYH
HIIRUW,QGLYLGXDOVDUHEHFRPLQJIDPLOLDUZLWKRWKHUDXWKRUVWKURXJKWKHXVHRIRQOLQHLQIRUPDWLRQ
UHVRXUFHVDQGVXEVHTXHQWO\H[SDQGLQJWKHLUFROODERUDWLYHZRUN
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WKHRWKHUKDQG WKH\EHOLHYHGWKDWRQOLQH LQIRUPDWLRQUHVRXUFHV ODUJHO\ VROYHGWKHLU LQIRUPDWLRQ
QHHGVDQG WKHUHIRUHKDGDJUHDWGHDORIVDWLVIDFWLRQZLWKWKHVHUHVRXUFHV7KHIRUHJRLQJSRLQWV
RXWWKDWRQOLQHLQIRUPDWLRQVRXUFHVVHHPWRKDYHVRPHNLQGRIXVHIXOQHVVDQGRSWLPLVP








FODVVHV DQG ZRUNVKRSV7KH\ DOVR SURSRVHG GHVLJQLQJ LQIRUPDWLRQ UHWULHYDO V\VWHPV EDVHG RQ
IHHGEDFNIURPUHVHDUFKHUVDQGGHPDQGLQJWKHSURYLVLRQRIIUHHUHVHDUFKVHUYLFHV




LQ DOO GLVFLSOLQHV ZHUH HPSKDVL]HG E\ VXEMHFW VSHFLDOLVWV7KH UHVHDUFKHUV FDOOHG IRU D VLQJOH
VWDQGDUG GHILQLWLRQ IRU DOO GDWDEDVHV LQFOXGLQJ WKH HVWDEOLVKPHQW RI DQ LQWHJUDWHG GDWDEDVH RI
LQIRUPDWLRQDQGVWDQGDUGL]DWLRQRIGDWDEDVHV
4XHVWLRQ:KDWDUHWKHFKDOOHQJHVRIRQOLQHLQIRUPDWLRQUHVRXUFHVIRUUHVHDUFKHUV"
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DUH QRW SOHDVDQW WR WKHP7KH UHVXOWV VXJJHVW WKDW ZRUNLQJ ZLWK RQOLQH LQIRUPDWLRQ VRXUFHV
VRPHWLPHVOHDGVWRGLVDSSRLQWPHQW'LVDSSRLQWPHQWZKLFKFRPHVIURPXQFRQYHQWLRQDOOLPLWDWLRQ
DQG SHUYDVLYH DPELJXLW\8QFRQYHQWLRQDO FRQVWUDLQWV XQEDODQFHG LQIUDVWUXFWXUH DQG OLPLWHG
DFFHVVWRFRVW,QRWKHUZRUGVDQXQEDODQFHGLQIUDVWUXFWXUHDQGOLPLWHGDFFHVVWRWKHFRVWRIDNLQG
RI XQFRQYHQWLRQDO FRQVWUDLQW PDNH LW LQWR PLQG$FFHVV UHVWULFWLRQV DQG WKH FRVW RI VRPH
LQIRUPDWLRQUHVRXUFHV IDOOXQGHUWKHFDWHJRU\RIFRVWHIIHFWLYHDFFHVVDQGWKH ORZVSHHGRI WKH
,QWHUQHW DQG WKH ODFN RI VWURQJ LQWHUQDWLRQDO LQWHUDFWLRQV DUH DOVR FRQVLGHUHG WR EH XQEDODQFHG
LQIUDVWUXFWXUHV$OO RI WKH DIRUHPHQWLRQHG DUWLFOHV KDYH EHHQ GHVFULEHG LQ WKH GHVFULSWLRQ DQG
H[SODQDWLRQ RI WKH XQFRQYHQWLRQDOOLPLWDWLRQV%XW WKH RWKHU SLHFH RI GLVDSSRLQWPHQW LV
DPELJXLW\7KH FDWHJRU\ XQGHUO\LQJ WKH FKDOOHQJH RI UHIHUUDODGYHUWLVLQJ OLQJXLVWLF DQG
OLQJXLVWLFGLVWRUWLRQ7KH FKDOOHQJH RI UHIHUUDOV$GYHUWLVLQJ LQ VRPH GDWDEDVHV LQFOXGLQJ
XQQHFHVVDU\ DGYHUWLVHPHQWV DQG EOLQG UHIHUUDOVZDV VRPHWKLQJ WKDWZDV FRQVLGHUHG WR EH YHU\
DQQR\LQJ IRU XVHUV$PRQJ WKH RWKHU FKDOOHQJHVPHQWLRQHG E\ WKH UHVHDUFKHUVZDV WKH ODFN RI
ODQJXDJHDPRQJZKLFKWKHODFNRIDFRPPRQODQJXDJHDQGODFNRIDWWHQWLRQWRWKHODQJXDJHRI
WKHXVHUVZDVYHU\KLJK)DOVHGURSZDVRQHRIWKHPDMRULVVXHVWKDWFRQIXVHGUHVHDUFKHUVDQGWKH
UHWULHYDORI LUUHOHYDQWUHVXOWV LQDSSURSULDWH WRSLFFDWHJRUL]DWLRQDQGJHQHUDORYHUYLHZZHUHWKH
PRVWLPSRUWDQWRQHVPHQWLRQHGLQWKLVDUHD
4XHVWLRQ:KDWFDQEHFDWHJRUL]HGRQOLQHUHVRXUFHVIURPWKHSHUVSHFWLYHRIUHVHDUFKHUV"
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7KH UHVRXUFH FDWHJRUL]DWLRQ E\ DXWKRU




RI DUWLFOHV ZLWK FLWHG DQG QRQFLWHG DUWLFOHV DOVR DSSHDUV LQ WKH LQWHUYLHZV&DWHJRUL]DWLRQ
DFFRUGLQJWRORDGLQJDQGVXEVFULSWLRQFRVWVLVDOVREDVHGRQVHPDQWLFFRQYHUJHQFHDQGQDWXUHWKH\
ZHUHSODFHGEHORZWKHFRVWFHQWHUD[LV








DFFHVV WR WKHVH UHVRXUFHV YHU\ VDWLVI\LQJ7KH\ DUH0DLQWDLQSK\VLFDO LQGHSHQGHQFH IURP WKH
ERUGHU GLUHFWO\ WR HOLPLQDWH WKH FRQVWUDLQWV RI ORFDWLRQ DQG VSDFH UHGXFWLRQ DUH FRQFHUQHG
WKDWWKHGLVWLQFWLRQZHGJHZLWKQRQRQOLQHRQOLQHLQIRUPDWLRQUHVRXUFHVLVFRQVLGHUHG
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5HVHDUFKHUV ZRXOG DSSUHFLDWH WKH SRVVLELOLW\ RI IUHH GRZQORDGLQJ JLYHQ WKH FRVW DQG HDVH RI
UHSOLFDWLQJRQOLQHLQIRUPDWLRQVRXUFHV7KH\UHIHUUHGWRLQWHUYLHZHUVZLWKKLJKUHSXWDWLRQIRUSULQW
UHVRXUFHV DQG ORZ FUHGLW UDWLQJV IRU VRPH RQOLQH VRXUFHV5HVHDUFKHUVDOVRDFNQRZOHGJHG WKDW






RI SDSHUV DQGRWKHU UHVHDUFK SDSHUV GLG QRW UHYHDO LQIRUPDWLRQZLWKLQ WKHP5HVHDUFKHUVZHUH
IRUFHGWRVHDUFKIRUKRXUVDQGGD\VWRILQGWKHLQIRUPDWLRQWKH\QHHGHG7KHZRUOGRILQIRUPDWLRQ
HVSHFLDOO\ LQ WKH :HE HQYLURQPHQW GLG QRW KDYH D JRRG LGHD WR RUJDQL]H LQIRUPDWLRQ6RPH
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5HIHUHQFHV




LQIRUPDWLRQ UHWULHYDO V\VWHP,Q WKH&RQIHUHQFH RI WKH $VVRFLDWLRQ IRU 0DFKLQH 7UDQVODWLRQ LQ WKH
$PHULFDVSS6SULQJHU%HUOLQ+HLGHOEHUJ7KH














+HOS 6KLYD6RFLDO PHGLD LQ SXEOLF OLEUDULHV8QGHUVWDQGLQJ XVHV DQG EDUULHUV DQG XVDJH
SUREOHPV+XPDQLQWHUDFWLRQDQGLQIRUPDWLRQ




0DQVRXULDQ<D]GDQ DQG 6DQJDUL0DKPRXG7KH VWXG\ RI WKH LQIRUPDWLRQ VHHNLQJ EHKDYLRU RI
JUDGXDWH VWXGHQWV RI .KDUD]PL VWXGHQWV LQ GLVVHUWDWLRQ GHYHORSPHQW KXPDQ LQWHUDFWLRQ DQG
LQIRUPDWLRQ
1LHOVHQ -¡UQ + DQG +M¡UODQG % &XUDWLQJ UHVHDUFK GDWD WKH SRWHQWLDO UROHV RI OLEUDULHV DQG
LQIRUPDWLRQSURIHVVLRQDOV-RXUQDORI'RFXPHQWDWLRQSS







5XVVHOO5RVH 7 &KDPEHUODLQ - 	 $]]RSDUGL / ,QIRUPDWLRQ UHWULHYDO LQ WKH ZRUNSODFH $





9DQRSVWDO . %X\VVFKDHUW - /DXUH\V * 	 9DQGHU 6WLFKHOH 5 /RVW LQ 3XE0HG)DFWRUV
LQIOXHQFLQJ WKH VXFFHVV RI PHGLFDO LQIRUPDWLRQ UHWULHYDO([SHUW 6\VWHPV ZLWK $SSOLFDWLRQV

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)LJXUH  7KH LPDJH ILOHV DQG WKHLU UHODWLRQV WKDW IRUP WKH WDUJHWV RI VHDUFK E\ LPDJH DV
LQYHVWLJDWHG LQ WKLV SDSHU KHUH VKRZQ LQ WKH IRUP RI DQ H[DPSOH WKDW LV OLPLWHG WR WKUHH
JHQHUDWLRQV$IXOOFRQQHFWLQJOLQHFRQQHFWVH[DFWGXSOLFDWHLPDJHILOHV$GDVKHGFRQQHFWLQJ
OLQHFRQQHFWVDQLPDJHILOHWRDSDUHQWLPDJHILOHRIDSUHYLRXVJHQHUDWLRQIURPZKLFKLWKDV
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1DPHRIWHVWFDVH 7LQ(\H *RRJOH <DQGH[
%ZRRP   
&RQJRPDVN   
+HDG   
+HDG   
+HDGV   

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1DPHRIWHVWFDVH 7LQ(\H *RRJOH <DQGH[
%ZRRP Æ Æ 1RQ$SSOLFDEOH
&RQJRPDVN Æ Æ Æ
+HDG 1RQ$SSOLFDEOH Æ 1RQ$SSOLFDEOH
+HDG 1RQ$SSOLFDEOH Æ Æ
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GRFWRUDO WKHVHV RI WKH UHVHDUFKVFKRODUV LQ(DUWK6FLHQFH0DQLSXU8QLYHUVLW\GXULQJ WKH\HDU7KH
VWXG\LVWRGHWHUPLQHWKHSULQFLSOHIRUPVRIOLWHUDWXUHXVHG LQWKHVHVWRGHWHUPLQHFRXQWU\ZLVHODQJXDJHZLVH
DQGVXEMHFWZLVHGLVWULEXWLRQRIOLWHUDWXUHDQGWKHDSSOLFDELOLW\RI%UDGIRUG¶VODZRIVFDWWHULQJWRWKHSDWWHUQXVHG






VXEMHFWVDQGLVFRQQHFWHG LQRQHPDMRUVXEMHFW ILHOGV 1LQH&RUH MRXUQDOZKLFKZHUH WKHVRXUFH
MRXUQDOVOHDGVWKHPDMRULW\RIWKHFLWDWLRQV






LQ YDULRXV W\SHV RI OLWHUDWXUH DQG WKHUHE\ KHOSV LQ LGHQWLILFDWLRQ RI VLJQLILFDQW VRXUFHV RI
LQIRUPDWLRQ LQGLYLGXDOV LQVWLWXWLRQV DQG RWKHU DJJUHJDWHV RI VFLHQWLILF DFWLYLWLHV &LWDWLRQ
DQDO\VLVDVDWRROLVXVHGWRLGHQWLI\WKHFRUHUHIHUHQFHVLQDVXEMHFWE\FRXQWLQJWKHFLWDWLRQV
DSSHQGHG DW WKH HQG RI HDFK VFLHQWLILF DUWLFOH 7KH DXWKRU RI D SDSHU FXVWRPDULO\ SUHVHQWV
UHIHUHQFHVDVDXWKHQWLFVRXUFHRILQIRUPDWLRQKDYLQJUHVHDUFKYDOXHRUWRVXEVWDQWLDWHWKHSRLQW
RIYLHZRILGHDVH[SUHVVHGLQWKHFLWHGSDSHU$QDO\VLVRIFLWHGSDSHUVLVXVHGDVDPHDVXUHRI






FRXQWU\ZLVH DQG VXEMHFWZLVH GLVWULEXWLRQV RI WKH MRXUQDOV LQ WKH UDQNHG OLVW 5DKPDQ DQG
%KDWWDFKDU\D  LQYHVWLJDWHG  3K' WKHVHV LQ %RWDQ\ VXEPLWWHG WR 1RUWK %HQJDO
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IROORZHG E\ ERRNV  VHPLQDUFRQIHUHQFH  DQG  7KH FRXQWU\ZLVH
VFDWWHULQJV RI FLWDWLRQV VKRZHG WKDW ,QGLD RFFXSLHG ILUVW SRVLWLRQ ZLWK  RI WKH WRWDO
FLWDWLRQV IROORZHG E\ 86$  DQG 8. 5DYLFKDQGUDQ 6LYDSUDVDG DQG
0DQRKDUDQFDUULHGRXWWKHELEOLRPHWULFFLWDWLRQDQDO\VLVRIIRXU3K'WKHVHVLQ/LEUDU\
DQG ,QIRUPDWLRQ 6FLHQFH DW %KDUDWKLGDVDQ 8QLYHUVLW\ 7LUXFKL GXULQJ  ,Q DOO 
FLWDWLRQVZHUHDQDO\]HG7KHDXWKRUVQRWHGDUWLFOHVSXEOLVKHGLQMRXUQDOVIROORZHGE\
HOHFWURQLF UHVRXUFHV DQG RWKHUV ZLWK D ORZ SHUFHQWDJH 7KH UHVHDUFKHUV FLWHG RQO\ WZR
ODQJXDJHV(QJOLVKDQG&KLQHVH)RUFRXQWU\ZLVHFLWDWLRQVWKHDXWKRUVQRWHG
86$ ZLWK  DUWLFOHV 8.  ,QGLD  1HWKHUODQG  DQG UHPDLQLQJ 






RQ D UHVXOWRI D VWXG\ RI RYHU FLWDWLRQV IURPPDVWHUV DQGGRFWRUDO WKHVHVZULWWHQ
EHWZHHQ  DQG  DW D0LGZHVWHUQ /DQG *UDQW 8QLYHUVLW\ 7KH VWXG\ VXJJHVWV WKDW
JUDGXDWH VWXGHQWVZULWLQJ WKHVHV IDYRXU FXUUHQW UHVHDUFK 7KH VWXG\ VKRZV GLVWLQFW WUHQG LQ
JUDGXDWHVWXGHQWV¶FLWDWLRQSDWWHUQ
6FRSH
7KH SUHVHQW VWXG\ LV DQ DWWHPSWV WR GLVFRYHU DQG VFDQQLQJ RI WKH 3K' WKHVHV RI WKH(DUWK











7KH LQIRUPDWLRQ ZHUH FROOHFWHG IURP0DQLSXU 8QLYHUVLW\ZKLFK ZDV VXEPLWWHG GXULQJ WKH
SHULRGRI LQ(DUWK6FLHQFHGHSDUWPHQWZHUH UHFRUGHG WKH WDVNRI LGHQWLI\LQJDQG
UHFRUGLQJLQIRUPDWLRQDERXWWKHLQGLYLGXDOFLWDWLRQ7KHELEOLRJUDSKLFDOUHIHUHQFHVZKLFKZHUH
XVHGE\ WKH UHVHDUFKHUV IRUFRPSOHWLQJ WKH WKHVHVDW WKHHQGRIHDFKFKDSWHUDQGHQGRI WKH
GRFWRUDOWKHVHVZHUHWDNHQDVWKHVRXUFHRIGDWDIRUWKHVWXG\7KHFROOHFWHGGDWDZDVFODVVLILHG
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D KLJKHVW UDQNLQJ WR EH FLWHG E\ WKH UHVHDUFKHUV RI (DUWK 6FLHQFH 7KH GDWD FROOHFWHGZHUH
SUHVHQWHGLQWDEOH¶VDLGSHUFHQWDJHVXQGHUYDULRXVKHDGLQJ
7DEOH<HDU:LVH'LVWULEXWLRQRI7KHVLV
6O1R <HDU 5DQN 7KHVLV 3HUFHQWDJH
  VW  
  QG  
  UG  
  WK  
  WK  


















 %RRNV     QG
 -RXUQDOV     VW
 3URFHHGLQJV     UG
 5HSRUWV     WK
 5HFRUGV     WK
 7KHVLV     WK
 *RYHUQPHQW
3XEOLFDWLRQ
    WK
 0DSV     WK
 0LVF     WK
 7RWDO     

,WLVREVHUYHGWKDWIURP7DEOHRIWKHVRXUFHVFLWHGE\WKHGRFWRUDOUHVHDUFKHUVDUH
MRXUQDOV IROORZHG E\ ERRNV  3URFHHGLQJV  5HSRUWV  5HFRUGV
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RI WKH WRWDO FLWDWLRQV ,W VKRZV WKDW WKH UHVHDUFK VFKRODUV LQ HDUWK VFLHQFH PDLQO\ XVHG
MRXUQDOVIRUFROOHFWLQJWKHLQIRUPDWLRQ
 8.DWWDLQHGWKHILUVWUDQNLQFRXQWU\ZLVHDQDO\VLVRIFLWDWLRQVLQHDUWKVFLHQFH 
 (QJOLVK ODQJXDJHRFFXSLHGWKH ILUVWSODFHZLWK LQ WKH ODQJXDJHZLVHDQDO\VLVRI
FLWDWLRQVLQHDUWKVFLHQFH
 ,W ZDV IRXQG WKDW WKH WRWDO  FLWDWLRQV RI MRXUQDOV DUH VFDWWHUHG SULPDULO\ DPRQJ 









WR0DQLSXU8QLYHUVLW\ RQO\ $QDORJRXV W\SH RI UHVHDUFKPD\ EH FDUU\LQJ RXW FRYHULQJ WKH
WKHVHVLQRWKHUVFLHQFHVXEMHFWVDQGVRFLDOVFLHQFHVXEMHFWV7KLVLVWRVLPSOLI\WKHILQGLQJVRI




JRYHUQPHQW SXEOLFDWLRQ HWF DUH YHU\ OHVV FLWHG DQG XVHG EHFDXVH RI WKH LQVXIILFLHQF\ RI
LQIRUPDWLRQ,QWKLVUHJDUGLWLVVXJJHVWHGWKDWFRQFHUQHGDXWKRULWLHVVKRXOGPDNHDQHIIRUWWR
RYHUFRPH WKHVH UHVWULFWLRQV E\ SURYLGLQJ HIILFLHQW OLEUDU\ VHUYLFHV 7KLV ZRXOG KHOS WKH
UHVHDUFKHUVQRWRQO\LQWKHILHOGRIHDUWKVFLHQFHEXWDOVRLQRWKHUILHOGVRINQRZOHGJHWRJHW
WKHUHTXLUHGPDWHULDOVIRUWKHLUUHVHDUFKSXUSRVH8QLYHUVLW\OLEUDULHV LQWKHVWDWHRI0DQLSXU
VKRXOG EXLOG D FRQVRUWLXP WR VKDUH WKHLU SULQW DQG HOHFWURQLF UHVRXUFHV DYDLODEOH LQ WKHLU
OLEUDULHV
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Abstract
The development of the Open Access (OA) journals system, its advantages, anddisadvantages 
are discussed. The bibliometric statistics on Russian research performance(RP) were collected 
from the Science Citation Index – Expanded (SCI-E) for the period 2008-2017. During this 
period, Russian researchers published about 34,160 articles in Gold OAjournals which share in 
the total Russian research performance (303,877 articles) accounts for11.2 percent. The usage 
pattern of Gold OA journals shows a stable growth rate of publications from 7.8% in 2008 up to 
13.7% in 2017. Despite the high cost of OA publications, the Russian Academy of Sciences has 
the highest share (58.6%) of OA papers. We assume that this is an impact of a robust 
international collaboration of Russian researchers with the US (31%), Germany (29%) and other 
industrialized countries that cover the cost of collaborative publications. Among the funding 
organizations that aim to promote Russian participation in the OA system a critical role belongs 
to the Russian Science Foundation, the Russian Foundation for Basic Research as well as to 
CNRS (France), the US National Science Foundation and others. The international collaboration 
and government appropriations for research in universities had substantial impact on citations 
score: share of Gold OA highly cited articles amounted to 52% out of the Russian total RP. 
Leading Research Areas (RA in SCI-E) of Gold OA publications turned out to be entirely 
different compared with a disciplinary structure in total Russian RP. As an example, one of the 
most critical research areas in the world - "Scientific Technologies" ranked the third place 
compared to the ninth place in the total Russian RP. Russian scientists widely use the highest 
quality foreign journals of the Gold OA system indexed in SCI-E, the only Russian OA journal 
indexed in SCI-E is “Physics of Condensed Matter” which has the highest share of all Russian 
publications in Gold OA journals.
© 2019 by the authors. – Licensee Technische Universität Ilmenau, Universitätsbibliothek/ilmedia, Germany.
Introduction
Open Access system (OA) is one of the hot topics discussed by well-established publishing 
companies and scholars’ community. As G. Eysenbach noted in 2006, the Open access system 
has the potential to accelerate recognition and dissemination of research findings, but its actual 
effects are controversial. Some researchers stated that Gold OA journals are cited more highly 
than printed journals (Sotudeh,  2015); other reports (Moed 2007, Bjork 2012, Solomon 2013, 
Wray 2016) give evidence that OA journals attract less citations. According to Solomon DJ 
(2012) article-processing charge (APC) is the central mechanism for funding the OA system. 
Many researchers discussed the high cost per page in various OA journals. This cost is much 
higher in well-established journals and low in developing countries. As a consequence of the low 
cost per page, the number of predator journals is growing. This is why information 
specialists and bibliometricians should play an important role in the special education program 
on traditional and new publishing system. 
Among recent bibliometric studies of OA system we refer particularly to Prof. G. Lewison’s
(2015) presentation at the ISSI conference in China in 2017. The author investigated the growth 
of Gold OA journals and disciplinary domain that embraced this new system and which country 
benefited from free access to OA publications. Countries were selected according to their 
research performance (RP) in Web of Science (WoS) and divided according to their gross 
national product per capita into four groups: high income countries, upper middle income, 
middle income and low-income countries. All publications were assigned to five major fields of 
science. The interesting result is that richer countries publish less in OA journals in all domains 
than poor countries. As an example, the USA turned out to be below the world average in all five 
major fields, but Brazil was above average in all areas except for physics, and India has been 
above average in physics, biomedical research and engineering. Russia was above average only 
in physics. In January 2018 Dr. Archambault E. published a comprehensive longitudinal study on 
availability of Green OA journals focused on comparison of two bibliographic databases Web of 
Science and Scopus with the special database (designed by his company) whose goal was to 
facilitate retrieval of Gold and Green OA articles published in peer-reviewed journals. According 
to his findings, articles published in 2014 were available free in health sciences (about 60%), 
followed by natural sciences (55%), applied sciences (45%) in 2016. Disciplinary domains of art 
and humanities were significantly less available (24%) www.science-metrix.com
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In the Directory of Open Access journals (DOAJ) there are 132 Russian journals. Only one of 
them “Physics of Condensed Matter” is indexed in the Web of Science (WoS) Core Collection 
and in Journal Citation reports (JCR). 
It is worthwhile to notify that since 2006 Russian government took a few initiatives to reform 
two main Russian research bodies the Russian Academy of Sciences (RAS) and the Higher 
Education Sector. One of the most critical action was taken by President of the Russian 
Federation V. Putin (Decree 599, 2012) was assignment of a new project, denoted as Project 5-
100, when special funding was transferred to a selected group of universities (Moed H., 2018). 
The Russian government assigned 44 billion Rubles (around 730 million US$) for the Project 5-
100 implementation for the period 2013-2016. After two tiers of competition 14 universities 
were selected; in a later phase, one was added. Each year, all universities were divided into 3 
groups according to their results. Each university belonging to the first group receives about 960 
MLN Rub.; universities in the second group receive 450-540 MLN Rub each. Finally, each 
university of the third group obtains about 100 MLN Rub. Meanwhile, it was a significant 
reduction of research personnel and budget of RAS. Bibliometric indicators play an important 
role in the evaluation of the efficiency of government reforms (Moed H., 2018).  
Since 2016 a new option of Web of Science was introduced marking Open Access publications 
in Gold Open Access journals (Gold OA) and Green Open Access journals (Green OA). We set 
up a goal of our paper to overview trends in usage pattern of Gold Open Access journals as a tool 
for scientific communications and its impact on bibliometric performance indicators by Russian 
scholar community during the period 2008-2017.  
Methods.
The primary sources of bibliometric statistics were resources produced by Clarivate Analytics: 
Science Citation Index –Expanded (SCI-E), Social Science Citation Index (SSCI) and Arts & 
Humanities Citation Index (A&H CI) that are part of the Web of Science (WoS) Core Collection. 
A search was performed on March 17.2018. Due to the significant difference in Russian research 
performance (RP) between SCI-E (about 33,000 records) and SSCI (about 1,200 records) and 
A&H CI (300 records) yearly, our analysis was focused on the records indexed only in SCI-E. 
Since 2016 Gold OA records are marked in the WoS, we used this marking to differentiateOA 
and non-OA records and trace the evolution of OA usage. Open Access journals are divided into 
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two groups: Gold OA and Green OA journals in WoS. Our analysis was focused on Gold OA 
journals that accounts for 95% of all OA records affiliated with Russia. Only articles and reviews 
(A&R) as a more critical type of publications were selected for the analysis. Bibliometric 
indicators were as follows: total Russian publication counts (research performance - RP), OA 
publications counts and it’s share, distribution of total RP and Gold OA publications by leading 
organizations, collaborative countries, and funding agencies; the percentage of Gold OA highly 
cited articles. 
Special attention was paid to careful visual and manual verification of names of organizations 
and funding agencies. In our paper, we are focused on publication counts and do not assess 
citation impact, an aspect of the great importance of a fully-fledged bibliometric assessment 
study (Moed et.others, 2018)  
Results and Discussion
A growth rate in 1.43 fold in research performance (RP) in SCI-E (1,651,875 publications) was 
observed in 2017 compared with 2008 (1,157,506 publications). The growth in the Gold OA 
publications was slightly higher - 1.73 folds. Russia occupies 15th place by RP and 29th place in 
Gold OA publications in SCI-E, 2017. 
The trends of evolution of Gold OA publications share in the world in three main databases SCI-
E, SSCI and A&HCI (column 2), separately in SCI-E ((column 3) and in total Russian RP 
(column 4) are presented in Table 1.
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Table 1. Trends of evolution of Gold OA publications, WoS, 2008-2017. 
Year
Share of  Gold ОА (A&R) 
in SCI-E, SSCI,  
A&HCI, (%)
Share of Gold ОА
(A&R)  in SCI-E, (%)
Share of Gold ОА
(A&R) in total 
Russian RP in SCI-E, (%)
1 2 3 4
2008 19.7 21.08 7.79
2009 20.65 22.14 8.38
2010 21.49 23.10 8.90
2011 22.33 24.0 9.49
2012 23.65 25.44 11.10
2013 24.54 26.3 11.62
2014 25.53 27.3 12.94
2015 25.7 27.4 13.19
2016 25.44 26.74 13.27
2017 25.68 26.58 13.7
During 2008-2017 Russian researchers published more than 34,500 documents in Gold OA
journals. Our finding indicates that an average share of Gold OA publication in Russia is still 
approximately twice less than in the world according to SCI-E in 2017. Trends on the Russian 
publication’s growth in Gold OA journals in SCI-E are presented in Fig.1.
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Figure 1. Growth trends in Russian Gold Open Access publications and total Russian research 
performance, SCI-E.
It was observed that the growth (in 2.36 folds) in absolute number of Russian publications in the 
Gold OA journals is significantly higher than the growth (in 1.3 folds) of total Russian RP during 
2008-2017. There are many factors – financial, age, language barrier - that influence an author’s 
decision whether to submit the manuscript to a regular journal or to Gold OA. 
Two lists of twenty leading organizations (ranked by publications counts) in entire Russian RP 
and Gold OA publications were compiled with a respective share in Gold OA publications and in 
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Table 2. The leading organizations by share of Golden OA publications, WoS, 2008-2017. 
All publications of Russian authors Publications only in Gold OA journals
Rank Organizations, combined Share, 
%
Rank Organizations, combined Share, 
%
In total 303,877 publications 100% In total 34 ,160 
publications
100%
1 Russian Academy of Sciences 56.6 1 Russian Academy of Sciences 58.6
2 Moscow State University 12.0 2 Moscow State University 17.7
3 St. Petersburg State University 4.3 3 Centre National de la Recherche 
Scientifique (CNRS)
12.0
4 St. Petersburg Scientific Center, 
Russian Academy of Sciences
4.2 4 Helmholtz Association 9.5
5 Centre National de la Recherche 
Scien- tifique (CNRS)
3.5 5 University of California System 9.0
6 Novosibirsk State University 3.5 6 Universite Paris Saclay Comue 8.8
7 National Research Center 
Kurchatov Institute
3.2 7 National Research Center 
Kurchatov Institute
8.6
8 Joint Institute for Nuclear 
Research
2.9 8 United States Department of 
Energy (DOE)
8.6
9 Helmholtz Association 2.7 9 Joint Institute for Nuclear 
Research
8.0
10 Ioffe Physical-Technical Institute, 
Russian Academy of Sciences
2.7 10 Alikhanov Institute of 
Theoretical and Experimental 
Physics
7.9
11 Lebedev Physical Institute, 
Russian Academy of Sciences
2.5 11 CNRS National Institute of 
Nuclear Particle Physics IN2P3
7.6
12 Moscow Institute of Physics and 
Technology
2.3 12 Max Planck Society 7.6
13 National Research Nuclear 
University MEPhI
2.1 13 Instituto Nazionale di Fisica 
Nucleare
7.6
14 Ural Federal University 1.9 14 Konstantinov Petersburg 
Nuclear Physics Institute, 
National Research Center 
Kurchatov Institute
7.2
15 Universite Paris Saclay Comue 1.8 15 Lebedev Physics Institute, 
Russian Academy of Sciences
7.1
16 University of California System 1.8 16 Sapienza University Rome 7.1
17 United States Department of 
Energy (DOE)
1.8 17 CEA (Commissariat à l'énergie 
atomique et aux énergies 
alternatives)
6.9




19 Russian Academy of Medical 
Sciences
1.8 19 European Organization for 
Nuclear Research (CERN)
6.5
20 Alikhanov Institute of Theoretical 
and Experimental Physics
1.8 20 St. Petersburg Scientific Center,
Russian Academy of Sciences
6.5
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As it was mentioned in many papers (Graham 1995, Karaulova 2016, Markusova, 2014) the 
Russian Academy of Science (RAS) is the leading basic research body. Its leading role is 
confirmed by high share 56.5% and 58.5% correspondently in total Russian RP and Gold OA 
publications during 2008-2017. Nevertheless the RAS budget was cut off, and increased slightly 
in 2018. No wonder that the RAS share of Gold OA publications decreased significantly from 
65.8 per cent % to 53.9 % correspondently in 2012 to 2017.  
As was mentioned above, the significant investment in Program 5-100 stimulated the tremendous 
growth of universities’ publications in 2012-2017. These fifteen universities’ share of Gold OA 
publications increased from 14.8% in 2012 to 31.54% in 2017. The impact of financial 
investments on the pattern of Gold OA usage is displayed in Fig.2. 
Figure 2. Share of Gold OA publications by the RAS and universities included in Program 5-
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There are fourteen foreign organizations among the top twenty (Table 2) that had collaborative 
papers in Gold OA publications and only six of them are among the top in total RP.  This finding 
provides indirect evidence that international scientific collaboration allow Russian researchers to 
overcome the financial obstacle.
Disciplinary distribution of Russians publications was traditionally focused on “hard sciences” 
(Markusova, 2018). To investigate the disciplinary difference /or similarity in research priorities 
there were selected top 50 Research Areas among Gold OA publications and total Russian 
research performance. Our findings show that leading Research Areas (RA) of Gold OA
publications were entirely different compared with disciplinary structure in total Russian RP. As 
an example, one of the most critical research areas in the world - "Scientific Technologies" 
ranked third compared to the 9th place in the total Russian RP. Another striking result was that 
share of RA “Oncology is 5-fold higher than in total Russian research performance, this is partly 
due to strong collaboration of the Russian National Cancer Research Center with National 
Institutes of Health (NIH).
It is well-known that the governments of the European Union countries and the USA actively 
promote the OA system for disseminating knowledge obtained at taxpayers' expense. Our data 
demonstrate a significant influence of various funding agencies on the number of publications in 
Gold OA journals as compared with total Russian RP during 2008-2017. The share of funding 
agencies reached 79.8 % among publications in Gold OA journals and 61.8% in total RP. Among 
the most active Russian funding organizations is the Russian Foundation for Basic Research in 
collaboration with CNRS (France), the National Science Foundation (USA), the National 
Institutes of Health (USA) and the Russian Science Foundation (RNF) established only in 
2013.   An average amount of RNF grant is about $100,000 per year that is five folds more than 
an average grant of RFBR.
According to Wagner C.(2017) international projects account about 20% of national government 
spending on scientific research. International collaboration of Russian researchers have a
significant impact on opportunity to be published in Gold OA journals. Our data demonstrate the 
higher percentage of these publications compared with the share of industrialized countries in 
total Russian RP. These data are presented at Figure 3. 
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Figure 3. Share of international collaboration in Russian Gold Open Access publications and in 
total Russian research performance, SCI-E, 2008-2017. 
This chart demonstrates clearly the growing activity of Russian collaboration between industrial 
countries in Gold OA publications. The share of each of the countries - USA and Germany - has 
increased almost three fold compared to their share in total Russian research performance. The 
international collaboration had the impact on citations score: share of Gold OA highly cited 
articles amounted to 52% out of the Russian total RP.
Conclusions 
Trends in the usage pattern of Gold OA journals revealed a stable growth rate of publications 
from 7.8% in 2008 up to 13.7% in 2017. Despite high Gold OA publications cost the Russian 
Academy of Sciences had the highest share (56.5%) of OA papers. However, a significant 
decrease in its share in Gold OA publications from 65.1% to 52.9% was observed 
correspondingly from2012 to 2017.  
Due to government investments in fifteen selected universities (Program 5-100), their share in 
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robust international collaboration of Russian researchers with the USA (31%), Germany (29%) 
and other industrialized countries that cover the cost of collaborative publications. Leading 
Research Areas (RA in SCI-E) of Gold OA publications were entirely different as compared with 
a disciplinary structure in total Russian research performance. The implications of our analysis 
provide a better empirical basis for science policy with respect to disseminating the results of the 
Russian research using Gold OA system.  
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